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[IN INDUSTRIAL LIFE E 


ing to an ¢ eminent professor of that'day the world of 1899 w was con 


a sidered a complex one. e. This Mr. Insull attributed to the manufacture of th 


steam engine as developed and improved James” Watt, in 1774. ¥ In 1807, 


- Fulton’s steamboat had made its trial trip up ) the Hudson River and in 1824 


“the w aters of the United States were thrown open to the free navigation 
_ steamboats by a decree of the United States Supreme Court”. M4 In 1825, George — pee 


- Stephenson opened the first steam railroad line, and the first steamship crossed — A, 
. the Atlantic Ocear an in 183 0. yy sviten 


» 


> 
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trial life of the apne y has been continuous since the invention of James — 
q Watt and which has resulted in problems, both political and sociological, that ‘3 
have yet to be solved. Previous to this revolution, the manufacturing of the ae 
a world was done by the individual craftsman serving a small clientele located | hist 
near the workshop. He has long since passed, and with him have gone the _ 
4 Contemporary Sailing vessel and stage coach, In their we find great 


as we 


caused, he believed, “the centralization industry and the “movement 


present economic of the State of Texas. With i ts 


factories, mills, gins, oil | wells, pipe lines, refineries, m mines, farms, 


“be 


Expanding: his theme further, Mr. ‘Insull then stated: 
“Likewise, throughout our nation, ‘complexities of that day are trifling 
“ - simplicities compared with the complexities of to-day. Since then we have had 
_ the telegraph, telephone, the development of manufactured gas and the dis- 
covery of natural gas, electric light and power, the electric railway, the auto- 
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ass production OF manulacturea 
organization | is being impelled by one machine, the 


(Papers. 


‘standing the strain or is the | human n machine breaking « down? The answer can 
apparently there i is no choice but 5 continue. 


casual scanning of the obituary columns of a New York ‘newspaper, it seemed — 


that nearly all the men died of heart ‘failure. This i is. an economic loss to be 


men, “whose vision, experience, : 


‘The Steam as a Factor There are advantages as well as. disad- 
ris “Some of the neeidbaaiiiin we have andi in the last century are overcom- = 
ing some of the disadvantages of that period. While the tendency of the 
early days of steam development was toward centralization, it has brought its 7 7 
own cure for this. _ In the last twenty years has come the marvelous develop- i 
, which has done as much as anything else to make 
possible the general distribution of electrical energy all over the country, even 


This has" made possible the delivery of power practically everywhere and it 


is no longer x necessary to centralize as in the days when ease of fuel transporta- 


soe was of greatest importance. The finished can now be manufac 


—_— ~ 


Pei of ‘power increases , and since power is the cheapest, element im 
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industry to move, ae aan the road to final efficiency in manufacture and 


Corporate Ownership and Federal Legislation as a Factor —Each develop- 


ment since the time of Watt has involved larger and larger units of | organized — 

i 


business until modern industry has left the ‘field, of individual ownership and 
entered that of factory expansion, steamboat development, and railroad build- 


ing; and after the Civil War this country experienced a erat general indus- 
rial expansion. similar to. that Achlowing: the World War, 


ic 
attitude of the early factory system until. the public rebelled and created laws 


| 
to correct this. condition. Quoting again: okt on wig 
however, was not founded on. 
thorough study of the conditions to be corrected and there has been, 
as a result, a considerable reversal of public opinion. In that period 
a we have seen beneficent changes in the ethical standards of ‘Balidine.” a 
_ The outcome of these changes has been public appreciation of the principle 
that capital invested in ee ee as a matter of fact, belongs to the 
entitled to fair wages. This has brought about a 
heir employees, and 


Co nfidence as a Factor—Mr the importance of preserving 


‘this confidence by a frank revelation of facts: Vou ‘hae 


most successful businesses are those that are the most informative”, 
he declared. “If our machine civilization does not produce the greatest good 
im for the greatest number then 1 we are on the wrong track. * as * If mass 


production i in the ultimate that everything will be done by ry 
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rs machinery, and practically nothing by setae labor, then we destroy the very 
; ser purchasing power that makes mass production possible. There may 
be some need of | a regulatory influence to avoid these ‘smashes that come from 
going too fast on unknown > roads. * * Sincere ‘discussion these 


industrial aviation will absorb much of thee excess 
- from other industries as a result of greater machine efficiency. Mr. Insull then 


raised the question as to whether new demands for labor would be created 
a "indefinitely as the mechanical efficiency of each industry continued. to increase 
: and the need for labor decreased in propottion. These problems will be solved — 


age frank r recognition _and publicity. B. | ©. ‘Forbes, the financial analyst, 


recently predicted that, America \ was rapidly becoming 2 a nation of employees. 
T he situation p: promises to become seriously complicated if all these employees — 


_ should become dissatisfied with the treatment received; or as Mr. Insull put it: ee 


_ “Tf the economic development of business requires the disappearance of the 
- manager-owner, something must be done to make good his loss by giving him 
“opportunities to become an owner in the business that employs hime? 


great country has been elevated to its pre-eminent by per- 
sonal initiative, operation, and ownership. _ That is the heritage handed down © 
to business to keep unsullied, either by its own acts or by the acts of others. It 
cannot be so kept unless business men conduct themselves and their businesses 
or the public and National good. The responsibilities of the industrial 
rmy for the National good in times of peace are, if ‘anything, greater than 
those of the military army in times of war. ~ Any mistakes in strategy and 
_ tactics in the industrial army may bring greater and more far-reaching defeats — wpa 
to the Nation than any | of its military army could possibly suffer. — ‘He who 
refuses what is just, gives up everything to him who i is armed.’” 
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[ETHODS OF DEEP WELL 


scribi historical development of well- drilling methods 


‘the term, “Southwest,” ” as the region including the States of Arkansas, Kansas, 


ment have been developed to meet the need of drilling deeper wells. — oie 
Not long ago an ¢ oil well drilled to: 4500 ft. was | considered | a deep « one, but 


recent developments ar are such that holes drilled to 6. 000 0 ft. are a common occur- 


as those in all 1 parts of thi country. Most of the changes in methods and equip 


Texas, § 8 520 ft. There are two methods of drilling v wells, anc 
monly referred to as the cable tool method and the rotary method. Mr. Scott 
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ae 
eonsider principally the rotary method.’ 


In regard to derricks and other equipment, ‘Mr. Scott stated that, 


“Within the past few. years. there has been a complete: transition from Ce 
use of wooden to steel derricks. Practically all derricks for use in rotary 
drilling are 122 ft. high and are made either of tubular or angle iron. The 
design is along lines of good engineering practice and present derricks ‘are of 


one 


x 9000 ft. The following tabulation will, give an idea of the loads handled, while 


‘Kina of pipe. Size, in {nehes. ‘in pounds. Length, in feet. pounds 

144 

at 600 


“Modern derricks for deep well work are built to withstand eerie 


ast Casing Drill Pipe —One factor i in the of 


well drilling methods, according ‘to Mr. Scott, has been. introduction of 


seamless steel casing drill pipe. type is a heat-treated drill pipe, and 
another 3 is a special alloy pipe intended for use in casings | drilled to especially © 


great depths. The walls are designed thick enough to withstand the collapsing - 


_ ‘pressure to be encountered, and the : joints are made strong enough to hold the 
string together. The chatactesintic: of of one of these alloy pipes for the more 


ze casing, | Weight per foot, 

fp inches. Til | pounds. a 


to tensile strength of 


joint, in feet.* 


the 
torque in drill pipe. controlling ‘automatically the 
ooh weight or pressure on the drill bit. It eliminates the dependence o on. 


- elements, a and a as a result. the holes a are straighter and ‘there is less wear on 
pipe and casing. In addition to the introduction of new ‘equipment, and 


1 is. = made of cast steel, , with roller bearings at movable ‘Parts of t the sa 


| s of drilling, one is compelled to 
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‘od Of motive | pow er, Mr. ‘Scott declared: 


“Improvements have been made in oil- field boilers. abel the past ten 
years, the size has" been increased from 45 hp. to as large as 125 h. p. for mn 4 
individual unit. . By necessity, oil-field boilers for drilling are portable and a re a 

- moved from place to place at short intervals of time. The old type of 45-h.p. 
boiler weighs 10 000 the 100-h.p. weighs 26 000 and the 125-h. p. weighs 


27 _— Ib. __ Each drilling rig requires from 150 to 800 boiler h.p. The 15 and — 


oy ive years ago steam pressures of 100 ib. were used in oil-well drilling, w hile 
now the pressure requirement is 250 Ib. and, in some cases, as high as 300 lb. 
zs z ‘This change has come about as a result of drilling to greater depths and due to 
; -_ competition in drilling, which necessitates the saving of time. The use 
of high steam pressure has resulted in a change in the design of steam valves 
; e for engines and pumps. _ The tendency is to use the piston type of steam valve, — 
“Drilling engines capable of developing 800 h.p. are used on all rotary 
drilling rigs of the modern type. Slush pumps also undergone changes 
- and improvements. Ten years ago, slush pumps were made to handle maximum > 
pressures of 500 lb. per sq. in., now are to handle pressures of 
In to ) power | selection, Mr. Boott stated that, 


e proper ‘gelection of power to be ‘used on “any drilling ante: still a 


a question of debate. Steam is being used on the majority of the wells now 
being drilled. However, from the standpoint of power costs, it is usually 
most expensive. Electricity and internal combustion engines are coming more 


and more into use in drilling operations.” 


. Steam —The advantage i in the use of steam is that most of the workers in 
n oil fields are familiar with it. Its use is entirely dependent | on available water 


pe The Jack ‘of ‘this supply “makes necessary the use of gas engines or 


 Llectricity— —As a source of power, this has been one of the outstanding 


factors i in modern development of deep- well drilling. The cost of electric power 
necessary to drill a well 3 500 ft. deep is about $625 in the Gulf Coast District. 
Gas Engines. —The most extensive use of this type h has been on portable 


outfits intended for « shallow drilling and for exploration work. “Gas | engines of 
the automotive type have not been used extensively for drilling with the rotary, a 


: but they have been used with some satisfaction.’ ol Compared with steam ‘power, 


so owever, the drilling crews are, as a rule, u nfamiliar with the operation 


x of gas engines and, therefore, the care and repair items often become of serious 
i 5 Because of this, operators will often use more expensive power 


rather than train a crew to handle gas- engine equipment. 


it is believed that the Diesel engine will be used in the oil 
as in the future, and particularly in areas where steam power: is expensive — 


and electricity is not readily available.” 


crooked holes, Scott stated that it has only been very 


y the rotary method were rotamer but the actual | extent of the crook a: 


ness has urprise to 
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vary as ‘sited as s 40 or 45° from the vertical a vary no more Gc 


10° are considered straight. Mr. Scott contends that: reid 


dow, Drilling straight holes is a problem to which the executives, practical field 
- men, and engineers are applying their best efforts at the present time. A satis; 
factory solution has not yet been | developed, but much progress has s been made.” g 


Costs of ‘Drilling. —In the cable tool of drill 
ing is still used, and the maximum depth is about 3 200 ft. For a 2500- ft. 


: fe well the cost is about $27 000, and for a well 3200 ft. deep, the ‘cost is about 4 

Both the cable tool and the rotary of drilling are used throughout 


the State of ‘Oklahoma; ; however, during the past two years, in an intensive > 


campaign carried on in the Seminole Area, the rotary method was 
ar used. The wells that have been drilled in this area are much h deeper t than past 


. requirements i in that and other sections of the State. : ‘The - rotary ‘method of ; 
ne illing is now used to a depth of | approzimetely 4.000 ft. and, in every case, 
the wells are completed with cable tools. The depths of the wells: the 


tae Seminole District range between 4 100 to 4600 ft. ‘The cost will y vary from 
Re a $57 000 to $65 000 per per well, or at the approximate rate of $14 per ft., Mr. Scott 


Referring to practice in West Texas, he declared that 


“Karly drilling in the new West Texas fields was by the cable tool 
ethod ; however, in the Hendricks Pool, in Winkler County, the rotary method e q 
of drilling replaced cable tools. This was due to the inability of the operators 
to drill high-pressure gas sands by the cable tool method, The depth of the | 
wells is about 2900 ft. and the cost is avaronimngiely $32 000, which amounts | | 


' “In drilling the well in West Texas to eee 


were used throughout. Standard machinery w ‘was the only special 

_ equipment required was extra brakes on the sand reel and bull wheels for . 

extreme depths. The over-all drilling time was 1030 days, with SOmecking 
sie acy cost of the well was $141 500, or at the rate of $16.60 per ft.” | 


st Area varies a a great 
and. For instance, wells at m = 
A, 3 800. ft will cost 000, wells about 5 000 ft. deep will 
-eost about $40000. The maximum cost for wells 5000 to 6000 ft. deep will . 


not average more than. $10 per ft. and wells of about 3 000-ft. depth will 


Northern Louisiana and Arkansas the maximum is ‘about 3 500 


t. and the cost of drilling is about the same as in the Gulf Coast Area.” — 


depths as great as 10000 ft. is often dis- 
5 Nell and, in a number of instances, preparations have been made to drill to 
depths. Those ‘intimately acquainted with drilling often speculate ‘rela 
. tive to the improvements over present drilling equipment that will be necessar 
-It will be 1 necessary to strengthen the 
-9—The power plants will have to be enlarged. 


of casing together he 
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.—Drill pipe for use in rotary drilling will nee o be improved 7 
§.—Methods of cementing will need to be modified. 
6.—Improvements will be necessary in all drilling equipment, ‘such ‘as 
slips which hold the drill pipe, drilling lines, drill bits, high- — 
pressure slush pumps, and and material | in brake flanges 
nit Better knowledge of drilling, in order to prevent crooked halen 
will require additional information on the action of various bits 
in different formations, and a better understanding of the cause of 


‘By Ww ALTER 3 M, Soc. 


The costs and weights of the 


‘cost, of di 


Future "Progress. —Improvements, he stated, had been due mostly to. the 
ee fact that trained engineers had been introduced into the producing « end of the 
aa oil industry and that they had brought about a spirit of co-operation between 
the practical man in the field and the manufacturer of equipment. Even 


greater improvements will be made within the next few ‘years, Regarding the r 


ae he effort is now being made to better cll the direction. of the drill 

a and keep it ‘vertical. _ A close study toward the improvement in design of _ 

drill bits is likewise being made, with the aim of keeping the bit longer at the ~ 
bottom of the hole with consequently less time spent in letting it down and 

_ hauling it out to change bits. Using present cone or roller rock bits which cost 
_ approximately $100 per set, it is not uncommon, in hard rock, to wear out a set i 


Rotary Drills. —In future, the | rotary ‘drilling rig will probably be 


patterned after the diamond core drilling machine. It will be a self- contained 


unit, erected on a derrick floor, operated by internal combustion « engines or r by 


electric power. developments may be ‘expected, according to Mr. Meier, 


8 in n the w way of extremely hard and ‘tough ‘metal cutting edges instead of the 


% 4 800 ft. in depth against a gas pressure in the hole of 1700 Ib. per sq. in., the 
4 hydraulic cylinders on the rotary table having a lifting of 150 tons” 


with 800 Ib. per sq. in. water pressure.” 


Fra For drilling to depths as great as 4 000 to bd dey: ine 


costing about 000 is generally 


Mr. _B. Woodworth, entitled “The Evolution of Drilling Rigs”. 
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TECHNICAL SESSIONS _ 
locomotive type boiler 
One 11 by 12 twin-cylinder drilling 
‘Two 14 by 74 by 14 duplex mud pumps. 
_ One 6-in., upset, seamless drill pipe. yim 
_ One reinforced steel derrick, 122 ft. high, w 


The comparative costs of p prime mover equipment for heavy rota 


000 


The costs of ‘cable ‘wel drilling, by means of ‘these prime movers, wel 


quoted as follows: wh i ges, 


ae | Unit cost | Power, in 
in feet. | indays. | ‘weter.,” 4 


$1.58 


internal engines the relatively 

nort life pene a ae reserve power, such as can be obtained | with steam 
electric equipment. However, it is quite probable that with the recent develop; ze 

_ ment of light-weight, slow- speed Diesel engines, this type will be a close daca sa 
petitor where electricity is not easily and cheaply obtained. a 
_ “Operators are beginning to considerable attention to the power con- 


and 

considerable drilling costs are realised using all-steel 
equipment with anti- friction bearings, insulated boilers, and ‘steam lines, 

‘installing water- softening equipment, and other improvements. ‘Wits ter 

_ “Ten years hence, to reach depths of 8 000 and 10000 ft., at which we will 


be drilling, modern methods of deep- well drilling will | be much 


improved over to-day’s, as to-day’s methods and equipment are superior to those | u 


IN WELL: DRILLING 


The and increase in the of oil was pointed out 
‘a _ Mr. Pew in discussing the | paper by Mr. | Scott. . In 1859, the first oil was: dis-— 


* Vice-Pres., Sun Oil Co., Dallas, Tex. 
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TECHNICAL 
nolionslic and, in 1900, abou 
that all the oil had been discovered. “The Ss. ‘Bureau Mines 


was discovered a at the Spindle Top of the Je supply 
from this source was a maximum of 200 000 000 bbl. . The production of oil in & 


P the United States was 400 000 000 bbl. in 1922 and, at present, 700 000 bbl. per 


day are being produced. Tf the: necessary storage space w ere available it would 


probably be possible to produce 3 8 000 000 or 4.000 000 bbl. per 


“The present large of oil”, said Pew, “is due to our 
I sing at this time to drill wells ata depth which fifteen and twenty years ago 


a- 


has undertaken to beitig” well- drilling ‘materials. 


sufficient } power on 1 top of the floor, ete. “9d 


Standardization of Pipe—This factor was the first to be considered because 


the’ depth to which wells can be driven n depends | on the integrity o of the pipe. 


, * One important need is to obtain standards such that pipes of different manu- 


-facturers can be interchangeable. has been accomplished so that wells ¢ 
4 now be driven to 8 000 and even 10 000 feet. on 


This improvement has been accomplished mostly since about 1924 by the 


Si ‘use of better material, such as alloy steel, better joints, ‘seamless casing, ete. 24 


Standardization of Derricks— and Other WwW orking Bquipment—Another _ 


nportant phase of this work applies to o derricks, rigs, rig irons, boilers, tool 


im 
joints, ete. . There ; are now standards in use, as follows: One standard tool joint, | 
‘standard on pipes, , standards in rotary equipment and rig iron work, 


such t that it is possible to eliminate many parts that were > formerly necessary. 


as has been the effort of the oil industry t o study e economics, I think, in | 
the last five years, probably more than in any other industry, because we — 
were very backward in doing it prior to that time. Now that we g Moots a 
enor these standards, we are trying to increase their efficiency by » the use of — om 
Petroleum Engineering Division. We hope in this way to put the 
i industry on as efficient a basis in its v various operations as is any other pie 


2. 


ae 


Cost of W ells —In opinion Mr. Seott then’ costs for 
wells in the Southwest, except perhaps in Texas. The average wells 


re: Seminole Field which are about 4000 ft. deep, would cost about $75 000 


average deep well in California, about 4000 or 5000 | 


Re-Opening Old “Wells. onsidérable: interest was evinced as to the pos- 
sible salvage value of old oil wells that were sunk before the present « deep oe 
well-drilling methods were introduced. Mr. Pew called attention to the fact 
: aan at Spindle Top, the oil pumped was known as 
of the rock covering a salt dome at the lower 
—_s- domes could be seen on the surface, many additional ones are 
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exhausted ‘the disp there which ran between 3 3 000 5 000 ft. 
Now, they are drilling and have brought those fields back again and are 
= getting production at 6000 and 7 000 ft. Up in the valley at Capitol Hills, 


they are getting production approximating 8 000° ft. Nobody thought ot 


oma, 
exhausted ‘until the advent of drilling Then, 


were d a riled to new sources | of f supply; the old ‘hole cannot 


eno for, some recovery of old , the old wells. prac- 


Diameter of Pipe. —The diameter of pipe used ‘depends. on the drilling 
methods, the proposed depth of hole, the character of formation be | 
BN pie reed. In Pennsylvania, it was found possible, to ‘set a little surface eine 


and then drill a an hole ‘through: rock until the hole reached sand. In 


| 

Oklahoma, a 

one inside the The pipe would be at. least 20 in. However, if 
“rotary drilling is used instead of cable- -drilling methods, it ‘might be possible 


use only or even two strings. few years well dsillers. would 
never h have thought of using strings of 13- -in, pipe longer than | 800 With 


the present development in alloy steel pipe, strings of 18- -in. pipe 4400. ‘ft. 


ane being cused at Hills in California. Mr. Pew ‘stated that 


strata, it is general 


“Hes, development of. 10 000- 0-ft. 


500- ft. we 


| 


any old oil field, would have to be ‘made by 
geologist. There seems to be good. reason to expect deeper “p pay” in West 
Texas and throughout the Gulf Coast District. 
to the salvage value of old wells, Mr. Scott. stated: 


4 


“In some cases we the old well, but think. it-is generally 
business to start a new well for deeper ‘pay’. __Usually, the size of the hole : ; 
os in the old well has decreased to a point where it is not possible to go to any . 


lls have been drilled, there P sonditions elsewhere, Mr. Pew | 
“we bbl. to date. Of similar conditions | 
000 000 bbl. to date. | 
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great depth, ard the of the formation is that ‘it not allow 


of old oil fields in Northern Oklahoma. 


Replying to questions by Cc. E. ‘Grunsky , Past- Preside: nt, Am. S de OF. 
fr. Scott stated that in Southern Oklehome, where are drilled 


of from 5 000 10 000 ft., a 6-1 pipe can. be used. It is desirable to 


6 in. p pipe as the size « at the bottom of the well, because smaller casing ‘makes 3 


‘operating difficult. Many wells, , particularly in Oklahoma, are cased with 

ale: Afternoon 23 :30 to 4 :30 P. M. 


‘DEVELOPMENT OF THE OIL AND INDUSTRY | 


‘AO the By. J. Epoar Pew,* Esq. 


Louisiana, Arkansas. Mr. Pew stated that the industry had its beginning 
- with a production of 48 bbl. of oil during the entire year 1889, explaining that, 


_ “This was from a shallow well drilled about four miles south of the Town 
of San Augustine, in San_ Augustine County, Texas. From 1889 to 1896 
the 7 United States Washoe. of Mines’ Bulletins give a total production of 1811 [ 
_ bbl. of oil for Texas. These same reports give a production of 65 975 bbl. 


a for the year 1896. _ The increase came from the New Corsicana > Field, 


‘the purposes of this Mr. Pew th the territory: described 


aiid Salt Basin Area. ‘The districts in Norther ‘Louisiana 


value of oil in Texas was recognized in 1896, 
shallow wells were drilled i in Corsicana. | The next development in the South- 
; west was the discovery of oil inthe. Spindle Top Field, near r Beaumont, Tex. 
This was the first of the salt dome producing | fields, and was the first great 
development of oil i in Texas. It was started in 1901 by Capt. Anthony Ee 


Less, in an effort: to 0 develop st 
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have produced a total of 2 391.755.000 bbl. of oil to January 1, 1929. Of this 
a 


SESSIONS 


° The: never “produced ‘ax any oil ‘of consequence therea 

It did, however, ‘start something. bale 
~“Qaptain Lucas thought he held under lease all’ the area around and on 
Spindle Top necessary to give him a solid block of leases. It was soon evident 

that about 70 to 75 acres in the center of his block were unleased. - The result i 
was that’ several of the small tracts" composing: these 70 acres were be 
further divided, and were sold, some of them in as small fractions as 


nt 


"depth of this oroduction ¥ was from 900 to 1 000 ft., there were more wells of 4 7 
rated capacity of from 25 000 to 50000 bbl. per day each than had ever Set 

Speculation ran wild. Stock companies were capitalized in amounts from 


$100 000 to $5 000 000° with no other holdings | than one-sixteenth of an n acre, 


on which was located a well, good for possibly 000 bbls. per day “Many 
“millions of barrels sold at 5 cents, and some were ‘sold a as low. 1 cent, = 


bbl. On one single acre Spindle Top. there 1 were 2 105 wells. "While some of q 
ey ‘these promotions were dishonest, and were made for n no other purpose than to 4 
obtain money from the sale of stock, the: ‘majority ‘of them, thought Mr. 


Be Ee were actuated by faith that they would make 1 money for stockholders, 


‘Extension of Fields. —Following Spindle Top, new salt dome fields on the 
Gulf Coast were rapidly developed. Sour Lake, Batson, Saratoga and Humble, = 5 


in Texas, and Jennings, in Louisiana, all came within ‘the following six years. — 


=~ 


' Mowe of these domes have been developed and others are known and will be — 


_ developed. _Geo-physical instruments, the seismograph and the torsion balance, 

- are used in the discovery of salt domes ‘not otherwise known. =” -_ 
“En 1908 and 1909 the Northern Louisiana fields, near Shreveport, and in a 
1911 and 1912, the Electra Field, in Wichita County, Texas, were important 4 
developments, and because of the higher gravity of their oil, were the first 


a3 Southwestern oil discoveries of great importante ‘that came into competition 
the oll oil business as it was generally understood by the average man in 
- the ‘oil industry. _ The Eastern oil men commenced to arrive in Texas in 


“In this ¢ county, and in . Stephens and Young Counties, there 1 was ‘developed — 


to be one the oil fields, in area, ang in the | size of 


7, 


no money, as a whole, for the operators. 
conditions, poor labor, high costs of material, and unusually bad road ved ' 
tions, made the cost of all operations too great for profit.” 


sofBheo next’ oil-field developments: ocourred in: North ‘Texas, ‘the best of 


whieh was the Burkbennet Field, in Wichita County. “Homer and Haynes- a 
ville, in Northern Louisiana, and El] Dorado and Smackover, in Arkansas, 


were the important developments i in these States following that at Shreveport.” Aa 


Later Discoveries. —In 1920, oil” was discovered by the “vd Col. A. 
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25 000 000 ~ ‘Panhandle Area of Tex 
‘Counties, was developed in 1924, a ind has produéed a ‘92 000 000 bbl. 


January 1929. The Big Lake Field,’ in Reagan County, was in 


“This may have been the greatest. discovery of oil in the United 


to date. The Winkler and Pecos | County Fields, ‘and numerous smaller 
fields in this area, are all important developments arising out of the discovery 
my: the oil possibilities of this Salt Basin Area. The Pecos County Field, 


day, but frequent tests for its potential production, developed but closed in, — 


_ than the production of the remainder of the world. Winkler County is only 
¥ ‘pumping about 175000 bbl. per day, but it also has a large potential pro- 


Benefits of Ou Industry.— —In referring to ‘the benefits produced by the 0 oi 


‘vines 
ae ‘Texas is a vast empire in size, ne, and in every 


4 As a result of ‘oil in Texas this State is rapidly Rll wn: one of the Lichest 
of the Union. It is developing industries on account of cheap fuel and it be 
building great highways with its millions of dollars collected each 

from’ the gasoline tax. The oil industry in Texas has done more to build up 


State any other industry with the possible exception of ‘the 


4 

: pace with that: of oil, the that they are closely. related. Mr. 


“While gas has always been found with: oil in: Texas, sometimes in 


q large initial quantities, owing to the small area covered by these earlier fields, 
it had no value, except as a lifting agency for the oil, and its use as a fuel in 
drilling. Such gas was soon exhausted and did not justify the expenditure — : 
EB necessary to make it available for other commercial _uses, even locally. — 
oy Another reason for the slower development. of the natural | gas industry in 
these States was that the earlier _ known | gas was usually from loose ‘sand 
formations, and it was not thought capable of long, continued production. 
a finding of gas with better sand conditions has justified the building up of | 
, ye great natural gas industry, and built on this assured foundation of per-_ 
cf manency it has also given a market for the more temporary supplies of gas 


ahs 


at Since ‘this industry has more rapidly in 
o that, in 1929, gas: produced f from Texas, Louisiana, and Arkansas will 


ah ‘consumed not only i in every city and town of importance within 


~ have resulted in estimates as high as 4000 000 bbl. of daily production—more Be 


better known as the Yates" Pool, has a production of about 125 000 bbl. ‘per ale _— 
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a & in 1900. In 1909, gas produced at Henrietta, in Clay County, was piped to ae 
2a : ay. + Fort Worth, Dallas, and other cities in Northern Texas. The Laredo Field in ae 


my 

“Denver, 


Gos, Production. —As to the Brodnation of Mr. Pew me that, 


Ww 


* 184 000 000 cu. ft. of natural gas were exported. to Canada and Mexico. sy 
‘ “Tn 1927, Texas advanced from fourth to second place in the production 
et natural gas, and, during the same year, , showed the largest percentage of 


increase in production, 45%, of all the major gas-producing States.” 


The three States mentioned 31 000, cu. ft. of. gas 


The principal natural gas- -producing areas in the part of 
. the U: nited States are the Monroe Field in Louisiana, the Panhandle Field, in 
Northwest Texas, and the Laredo, or Rio Grande, ‘Field in Southwest Texas. 
al “To market the natural gas of Texas, Louisiana, and Arkansas, there has 
been laid and is now under construction a total of 19 740 miles of pipe lines, 


en about $300 000 000. _ These lines are 22 in., 20 in., 8 in., 16 in., 14 in. 
addition, the natural gas industry in 1927 the gasoline 
— 98% of all ‘natural gas handled. Also, the carbon black industry of Texas, 7 
a Louisiana, and Arkansas, adds greatly to the figures directly dependent on . 
natural gas. (These investment figures are not available, but are probably 

Great ‘Producing Center —Declaring that it ‘is evident that the sonth- 


Western part of the United States is rapidly becoming the greatest oil and 
gas- -producing area in the United States, Mr. Pew pointed out that it 


“fdlae business of the refineries, and of the oil and gas pipe lines con- ' 
structed and being constructed, the ‘drilling of wells, the lease rentals, bonuses, 
capo and taxes, both direct and indirect, will total $750 000 000, or more. P 
This sum will be paid in these States by this industry during the year 1929. 
In addition, the oil- purchasing | agencies will distribute about $300 000 000 3 


“, 80% Mr. Pew expressed the opinion that during 1929 no other industry active in 

this anes will contribute directly as much money to its wealth as natural gas. 
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g ND GAS PIPE LINE CONSTRUCTION 4 
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ik While there is no fundamental difference in designing for both = 
pipe to Mr. Kincade, so some of the details are quite | 


“poses, a $37 680 000. Ih 1927, Texas produced 269 944 000 000 eu. ft. 


ce- Pres., Gulf Pipe Line Co., Houston, Tex. 
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but also in Kansas City 
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Different Requirements.— —Gas ae ‘storage because the 


ipe line itself | serves for storage, , and § gas can be produced as consumed ; but, | 


“Oil lines | require storage at the initial point of ‘receipt | at each pump © 
tation and point of delivery. rae the benefit of the refineries, it is often 
necessary to keep: different grades of oil separate for e ase of refining. af Grades 


The different grades require separate ‘tankage at each point where they are © 
4 


handled, , and often separate pipe lines; but it is common practice to handle > 


ions of line, temperature, 


pecific gravity, viscosity, and region affect designs: differ- 


ntly. For instance, in gas lines water or ‘gasoline is likely to collect in low 


places, while u ‘similar ‘circumstances | oil lines will be affected by the 


collection 0 of sa nd or edim ent. 


~Pipe Line Location.— —Airplane photography for solving the location prob- 


lems of a pipe ‘line i is being used very "widely i in Texas, according to Mr. Kin- : 


: cade. For oil lines it is necessary to study differences in elevation in order 


predetermine a correct spacing for pumping stations. 


“From an economic pump stations should be located 


= 


~ gt that the direct operating expense approximately equals the fixed expe 
on pipe lines. This is governed by the class of pump stations and the charac- 
. oi ter of the oil being handled; for the lighter oils they are about 50 miles” 
- apart, and for the heaviest oils, about 15 miles apart.” ts” 


Welding 1 v8. Screwed Joints—Comparing the merits welding an 


“Tn the past, a majority of oil pipe lines have b been 
joints; ; gas lines have been | joined by packed couplings. The present trend 
s to weld lines and I doubt if there will be another screwed oil trunk line or 
coupling gas line constructed of any considerable length. The prob- 
lem of securing competent welders has passed, and automatic electric hes al 
for pipe lines is being developed which will further simplify welding. Lines — 
are either electric, or acetylene, welded. Both have about an equal number ~ 
of sponsors. In welding lines, provision has made for and 


The average temperature encountered is 50° ‘Fahr., and the normal 
is from 40 to 80°, which i is such as to. requir re. a consideration of a possible © 


ae expansion of 20 in. per mile. Mr. Kincade related how, in the past, this 3 expan- 
4 sion has been provided for. on large gas lines, by the e packed couplings; 


and with serew- -joints, expansion has. been guarded against: by laying parts” 


& 
of the ‘Tine crooked a certain amount of “slack”. The 
actual amount has been usually a matter of guesswork on the part of the men 


5 in the field, and sometimes through faults of construction, , this | guess has not 


Pos 


been a rate enough and ‘the "Tine has’ apart. He predicts that, 
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At present, of jnink is a ection, welded into the 
Pumping Stations. —Pumps, for handling oil do not ‘diffe 
those used in handling water under a pressure of 700 or 800 Ib., except that 
perhaps more precaution is taken to. prevent fire. gas pumping stations ons 


ar the gas is received through filters which — take out the sand and scale. |The 


Te 
pumps are ordinarily gas engine- -driven compressors. The sizes of the pump- 


ing stations range from 25 h. p. in small field stations to 300 h. p. on trunk- i 
tine stations. About 70% of these driven by Diesel engines, and q 
- ok or of pipe line companies are 
oe as careful as. to the cost of power as any industry. There is 45000 miles of 
oil trunk lines, 6 in. and up, in use to- day, delivering approximately 2 000 000 q 


ae bbl . of oil daily to refineries, and ships. __ These lines handle this amount on 


6 in. and less, are dentine dheienaeidane 2 500 000 bbl. from producers and 
« delivering it to trunk lines, railroad tank cars, and refineries. Oil i is. not tate 4 
measured from station to station but, in storage, is measured. daily 


ELDED JOINTS vs. SCREWED JOINTS 


Ag eral aissussion! of both papers was opened by the comments of Mr. ; 


_ McGrew on the relative merits of welde d and_screwed joints in oil | pipe » lines. 

W hile’ he agreed w ith Mr. Kincade that the present t trend i is toward the welding — 
pipe ine, he did not agree ‘that all major trunk lines in the future would 
be welde d. Screwed joint ‘construction offers so. many advantages over the 7 
other that it will probably be used a number of years. gas ‘Hines, 


4 


welding i isthe proper method. 


Importance of Ditching—Quoting Mr. McGrew: raed 
d 


ia 


“In the early part of Mr. Kincade’ 8 paper, he makes a statement that backs 


q “up my idea that screwed joint construction is good. He s says ‘while they hold 

- erude oil without the slightest signs of leakage when properly made up’ I _ 
have found that to be. true. I would add to that phrase, _ however: “When — 


“In my estimation in the construction of a pipe line—whether it be screwed 


or welded construction—the most import tant phase i is the ditching. If a line i is 
fe 
roperly ditched, all stresses and strains are relieved and you will have little, 


eo any, trouble from pulling apart or faulty construction.” = | 


i 


Locating —He considered that Mr. Kincade’s estimate of 50 miles 
‘ 
as. the best average station ‘distance for the lighter oils is r rather high for 


average topography . While 50 miles may adequate for ¢ a simple, line, over 
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ideal plain, flat country, ba 
gr 


e 4 clared that 38 miles should be the: maximum ‘to be considered. Among the dis 


used for ‘all conditions. "To quote 


Tt j is to use double weight pipe. * Before ‘the 
fy elding, | of course, all waterway _ construction was screw construction. 


7 Tho se joints | are protected by heavy cast-iron * aid. ‘river clamps’. They con-. 
sist of two saddles of heavy cast iron recessed t to receive the collar. They 
‘dena out on either side of the collar a — distance in order to stiffen the 
joint and take the stress off the thr 
close heavy bolting on either side. ae give the joint rigidity, but 
also act as additional weight or anchor for the Pais ‘i aap hold it to the 


¢ 


_ In country where the river bed is rock, it is metimes necessar 


Be le hooks, ‘but when the bottom is is mostly silt » the pipe is anchored | auto- 


matically: by sinking it into the and ‘soil. In that” case, the most 


important ‘consideration is to provide for the slack on the banks of the river. 
lines crossing die Lanes Mississippi and those rivers in Southern 
5 -Leuisjana continuslly ‘feed into the river. In other words, some lines in our 
- service: have been in place for twenty years and they are still sinking in. rie 
is assumed that they never will reach the bottom. — So it is necessary, in a con- 
_ dition of that kind, to approach the | river and vive it a snake-like profile in 
ve order that the ‘slack may travel into the river. The heavy weight and - the 
clamps, ‘ete., of the line keep : settling to the bottom and if you do. not baad +f 


slack in liberal quantities the line becomes tight —_ 


necessarily i in the river, but on the river bank ms 


OINTS FOE 

M. Am. 
Mr. Kincade’ Mr. Chase agreed as to the s 


os) 1 500 ‘iailes of ¢ gas lines, varying in size ating a maximum of 20 in. in 
diameter. All that line is welded. We have laid between 2 500 and 3 000 ve 


a 
| ee distribution plants in about 100 to 12 5 towns. All that is welded | 


‘During three years of operation, twelve ¢ cases: of trouble » have 


for. River Chase advocated | the J 
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advantages Each problem of same material would | 
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ed 
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eliminate trouble due to high w irs to make, 
les 4.—'They eliminate : and repairs» 


are not more expensive > than: river-bed crossings. 
The maintenence costs, | Da. for painting, etc., are practically 


GE NERAL DISCUSSION 


that it is | proper to rifle the pipe ives if the oil « can he driven fast enough 4 


to throw the water to the outside. - Tt is not practical is in ordinary” service, 


Answeri ing a question by J. Brillhart, Am Soe. to the 
comparison of first costs between welded a and screwed joints in the: 


” 5 


the “Tines; ry is in the welded’ construction, if anything.” 4 

Supplementing the discussion, W. P. Stine, “Assoc. M. Am. Soc. 
there are many cases: in which the overhead pipe cannot 


Kincade replied toa question by W. Hand, Jun. Am. OE 


concer ning g steps necessary to prevent corrosion of the metal | by oil with a Yel : 


‘sulfur content, by stating that ‘service for. two years collected 
_ Explanation of the steps: 


the prevention of its occurrence ‘were considered ond the scope of ‘the 2 
yaper. : 


ie 


SS 
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Tn case of accident, there is no discontinuance due to inacces-. 
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| “HIGHWAY. AND CONSTRUCTION DIVISIONS 


Ay 


LOHRIST,* M. ‘Am. Soc. E. 


1 “When the highway location problem is solved, t the itself 


is well on its | way to solution. -. Thus Mr. Gilchrist introduced his subject and and - 
proceeded to ) describe the various problems encountered. 


. Average Life of Highways.—That the life of a ‘highway is dependent, not 


¥ 
so much on the type of surface as on its location and the width of its right | ‘ 


Wi 
3 of way is one of his ‘principles. In other words, , the s average life should be 


‘as 


considered a that period during which a highway’ can. be used as an ‘artery 
of traffic. Public opinion will eventually: demand that such a highway be 
with a fair degree ofeconomy. | py. 

he Line of Least Resistance—In the past, highway have bee 


= 


the n terrain the economy of the route. of the 
this must, be charged against mass meetings and conferences of ‘citizens 


z which the orders: for road routings are often framed. Mr. Gilchrist did not 
_— offer this explanation as a criticism of road location. of that kind, because it 
_ indicated a live interest among taxpayers which is very important to he 
- success of any public project. There are, according to Mr. Gilchrist: 


Few cases where the location or construction of of road or 


_ the cost of traveling much extra distance ; and with how much more safety the — 


public. could have re reached its goal!” oy cog te 


That almost every important railway line is rather closely paralleled 


4 State highway is ; explained by ‘the fact that the railroads have developed 


population centers that created the” demand highways. ‘Highway engi- 


neers, however, have | been too ready to accept a railroad 
shorter route, even. with somewhat. ‘sharper grades, would have been 1 


State 


‘ 
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maps. These show the name and abstract reference each t tract of land. 


ae tion is tos select the most direct line between two objectives. Its should provide 


i 
4 

be 


“The usefulness of an aerial survey at ‘the first inception 


places inthe hands of the engineer many - the that are to be 
found on the ground and, in addition, gives a broad view ‘of the field = 


peration that has never been available in any other way. ‘ aol * He may ' 


make locations directly < on aerial mosaics; he may study ‘minutely ‘the loca- 
tions of drainage structures and other proposed improvements. ‘may 
-ealeulate stream flow and plat drainage areas without the use of field opera- 4 


tions; and throughout the progress of his work the aerial “survey by as 


constant check upon the more exact field calculations.” 


Aerial maps are especially useful in stream crossings and in deter-— 
mining routes through towns. Single-flight maps on a scale of 
700 ft. to the inch cover a _ strip of terrain: about 6 000 ft. wide, whereas § 


ner case and “approximately + twice these: 
After “the Tine has been given a temporary 


tion proposed route and making small changes. i 


staked out. and engineer then prepares” his or -of- way, 


‘They are ‘usually to a scale of 400 ft. to ‘the inch. 


General Locating Considerations. —The important factor. in highway loca- a : 


the least “number of waterway crossings the -easiest grades and curves 


possible. On sharp changes in grade, the proper distance between the eye of — 
if 


hee the driver and the top. approaching automobile should be not less. than 
‘Such locations: dhpuld: made and grades prepared with the primary 
object in mind so that regardless of the development of the country through | 
which the highway may pass any surfacing placed on the prepared grade 4 
_ would only be a stage of improvement, the ultimate life of which would on 
4s upon traffic requirements of the highway. * * * In other words, a highway 
properly located with a grade line of sufficient flatness to meet the exacting — 
demands of increased traffic, and with curves in easy stages, will have its” 
ultimate life more permanently assured as years go by, and its condition 


e. With these 


Cottdiderations in mind the locating engineer, in considering his route between 


cate objectives, should disregard ‘the line of least resistance’ unless he is prepared — 


to see the day come within his own life time—or better still, within a decade— 4 


community road, or be entirely abandoned. “When such it 
likely will be forgotten that the original location was perhaps determined by 
purely local, and the necessity for relocation or abandonment, 


may, without fear of contradiction, be explained as the correction of a mistake 


Location ‘with Resp 
me is the most problem | of “Mr. 


LEL 


- declared first, his belief ae the democratic principle that the voice 0 
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Aerial Photography.—The Texas State Highway Department uses aeria 
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or determine that it be solved. 
If I was convinced that the people of my State wanted the highways Loalead - 
- for the interests of Sap few and not the many, I, for one, would waste no time 


ven if it costs ‘more, when they have decided a with all facts 


fficials and engineers have been charged with a tendency to isolate cities and 


Barshai is refuted by an examination of the facts. The State system 


purposes, to re-route certain highways. As a 
4 


ow comprises about 20000 miles: of highways. As Mr. ‘Gilchrist explained, 


“When this system has. been econ omically located or relocated the mileage in : 
will be about 19 000 miles, and not only will all the control points be reached, — % 
ee. in addition, this system will reach directly, without material loss of dis- q > 
tance, 97% of all towns * * * with a population exceeding 200. vine eS! 
~ “Included in this percentage are all towns that have a prospective main- 


line highway passing through their corporate limits or, in case of no corpora-_ 


within four blocks of the main business” street. 


certain classes establishments do profit toa ‘tain’ 
degree transient trade, but it would seem that town depending 
any degree on such trade would lack the foundation necessary for stable and 
continuous growth; that is, .an established and a certain rural trade territory. 
‘SdtF The solution of the highway or road problem for any community will 
5 not be reached until every village and town is either provided with a highway © 
or with a durable connection to the highway, in order that the farmer or 
- community trader might have access at all times not only to the State highway, _ 
but to the main business center of his trading point, and also to provide a way cae 
come in or go out for the residents of such community. MC 
“Tt would seem to be against sound economic judgment | or good public 
ie policy to deflect the location of an important State highway, carrying 2 000, 
8 000, or perhaps 5 000 vehicles per day, 2 or 3 miles out of the general course, 4 
“order to ‘pass: through the main business district of a community which 
t would perhaps not originate more than 100 to 200 vehicles per day. _ oie 
It is, or should be, the purpose of the engineer in aapoying a route through 


“Neither stability nor the growth of a community can 


#49 


‘thet the authorities in of the streets in a small town 
_ reserve such streets for the citizenship of the community to use for parking — 
their trucks or for stopping their produce wagons.” ty. anced Boat 
This attitude is often interpreted as a policy of building roads, not for 


the local people who pay the taxes, but for The point of view 


“Where the State or Nation were acquainted all 
ith reg pre m, id by their 
facts’ with reg y problem, that they did not eventually b; 
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rations, 


“reached she “that Stat should be built from sources of 


pad 


: |The | Influence ‘of? Financing eal n.—State highway | location 


properly be considerably affected by. ‘the way in \ which it is financed, but no 


ont that account. hs Wi a herd ‘surfaced read has been. constructed ona a certain 
street it ‘should be continued and properly maintained, ho the own 
business established on | that route shave the’ 


we 


from -Antiquated Ideas”*. The ‘idea expressed was impatience with 


who design ‘ ‘roadways for. a safe speed of 20 miles an hour. while 
vehicles are operating at 60 miles ‘an hour”, urging instead that “new vcondi- 
tions must be met with new ideas.” nivia do adsol:! 
conclusion, he stated that be that travelers 
(business men, , farmers, o or tourists) can” reach their destinations with ease, 


4 


_ “Highway engineers should take every opportunity to acquaint the public : 
with facts regarding the economy of highway location and to lay before them a 
for their inspection the ledger entries on the debit and credit side regarding — 
the operation of a State highway. We should always have an eye for the 


future and if it is. not to lay out a the economical routing 


4 


of State to serve centers of effort be made 
ie relieve congestion and to promote safety instead of deliberately to create Es 


| 


- congestion and wink an eye at a dangerous condition just because by i ignoring 2 


it some selfish interests will be served.” 


By A. R. Losu,t Assoc. M. Am. 


a One fundamental principle i in the | proper location of a road is that the road rt 


must be adequate for present and prospective needs. _ While: the present needs 
ae are readily determined, future needs r require the exercise of judgment and fore- eee 
ight. “Mr. Li ‘Losh defended the practice « of improving existing roadways against 

a too ready willingness to relocate the road. Too often the cost of acquiring» a = 
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“There are who would | consider the present building 
G primarily of local importance and for the immediate local needs, it being pro- 
3 posed at some future time to build a system of through highways on more 
direct lines. Such a line of reasoning has been followed to a | considerable : 
extent in the past the following results: 


“(q) The location of ‘important ‘through highways has been materially 


= i Frequently local and through traffic are combined where a ‘separation 


ee woke). When reconstruction for the through traffic i is undertaken it is exceed- ie 
When the indirect line is used a number of years, along 
it results" in increased property values which “may be seriously impaired 
substantial changes in location, 
“(e) Right- -of-way changes resulting from relocations are usually n 
expensive than if made under the original construction, due, to p 
(f) The value of. the old road in right. of way, roadbed and 
structures, is a loss ‘unless - the road can be used advantageously for local 
purposes but even in this case it must be considered that 1 mile* of main high 
Way costs: as I much as several miles _of serviceable local. roads: and there isa 
“(g) The roadbed structure consolidated and compacted years of use 


follow this of reasoning would result in engineers designing: ite 
meet the. current needs of a ‘community instead of leading it and preparing» 
to meet conditions of the future. exit 
on Location.—Referring to. another class of difficulties, Mr. 


“On all highway projects” Mie are controls or restrictions 
which determine at least the general location of the project, or the route | 
of which it is a part. Thus, the termini of the project are predetermined and 
the intermediate location -may or may not be fixed. These r restrictions will 
-oceur under the following classifications: 


“alk “ey Major control points of the Federal ‘Aid System determined by the ws 
Secretary of Agriculture and the State Highway Departments and subject 

= —State highways and control points designated by State ‘Highway 

3.—Control points for State highways fixed by legislation. H 

; —County or road district bond issues used for a orion of the con 


uction cost may | a definite location to be followed.” Take 


deserit ped lin’ Restriction N O. 4 has been responsible 


years. On ‘the other hand, under ‘Restiietiond ‘Nos. 1 , 2, and 3, "thd tetany 
g lines” of improvement, establishing unimportant con itrol 
pone sreet and limiting the work of the locating engineers merely to ‘details 


“character and limited to the following conditions: 
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a Designing for Present or Future Conditions.—Discussing some of the find- 
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A town or city located on near the line: of 
adjacent control points of the route. pi Yo 
—-- “(6)_ A town or city of sufficient importance to be a terminal point for the © 
“(e) A junction point, preferably near a town or city, of several 
d) Topogra hical features based on en investigations. 
p pi 


theis relative both and traffic. This selection ‘will be 
* the: line which will provide the | long run with the least cost, including con- 
struction, maintenance, and traffic operations. _ The shortest line will usually — 

_ be the economic location for the reason that practically all items of cost except 
vary directly with the length of the line. In 
 eountry of broken topography the cost of earthwork and structures may be 

less on longer line, but the other items construction, and of 
maintenance and operation, will usually determine the location. Local traffic 
| ai can generally be served cheaper by lower priced lateral spurs from the main - . 
 €Qne of the usual problems before the engineer is whether or not. to 
the main line from its direct course in order to give highway service to an 
intermediate point, such as a small town or community. Theoretically, the 
= can be solved by estimating the cost of construction, maintenance, and = 
- operation for each of the two possible layouts, that is, the main line direct 
ie with a lateral spur and the main line on indirect location through the inter- 


| | age “A similar geobden ‘1 is that of combining two or three highways for some 
distance out from the city in order to reduce construction mileage. While 


economically desirable, frequently this involves the questionable practice of 


2 Effects Topography and Grades. —Traffic on State highways usually 
is not local in character In 1922, , the average length of truck hauling in 


California, for instance, 31 miles and that ‘of ; ‘passenger: buses, miles. 


over: the entire line rather by being required to wind around ‘through 
small communities with which it has almost no contact. Then, t — oe 
_ “In working out the detail location further economies can be made by 
taking advantage of topographic | conditions, soils, available local material, or Fis 
railroad facilities for importing materials. “Approximately 4 000 tons of 
- materials are required per mile of 18-ft. concrete pavement. An increased . 
dead haul of 1 mile will increase the cost of the road about $1000 per mile. — 7 
% Pe: addition, there will also be the cost of moving on and off the oe also, cal 


_ embankments, ete., at overflow sections . Mr. Losh considers that the choice — 4 


‘stream erossings will dey depend on rélative permanency of the banks, ‘suitable 
foundations, required span n lengths, ete. , and that, 


. - “Grades and curves , adjacent to bridges should be reduced to the 1 minimum 


It is desirable to have a tangent of at Teast" 150 ft. at each end of a major — 


o adjust his machine into the bridge alignment. Grades have probably 


seeateel ample consideration ‘ in the past, or probably more t an other features. Aa 


encouraging traffic congestion at junctions and terminals.” 
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4 - Considering the motor vebeicdéd now in use on highways some sacrifice of grade 
can be made to improve | alignment. Short grades as high as 8% can be 
. taken readily by ‘modern motor vehicles, but continuous grades of more than 
6% are objectionable. - Tangent profile grades are not particularly advan- — 
- tageous- and do not justify increased expense. A rolling profile fitting the 
q topography is less objectionable - for night driving due to th the headlight glare _ 
“Urban Conditions. —Grade railroad intersections are des 
+ able, but not always possible financially. Where grade crossings are adopted 
- the line should be located so that future separation can be developed, and in © 
Fi all cases approach curves and grades should not restrict sight distances. . 
ac Lae “Restricted areas in and near cities are frequently obstructions to direct | 
highway location. This includes parks, golf courses, institutional reserva-— 
_ tions, cemeteries, railroad yards, and air ports. Generally, it is impracticable _ 
to pass through these areas, and the location must be carried around them. ae 
The location should give access to railroads and air ports, but be sufficiently — 
removed to permit full operation of all facilities without congestion. 
location directly adjacent to the track may be congested by trucks loading 


across the highway. Location along the railroad is usually adopted 

- because it is desirable from engineering considerations and for the he 
reason that right of way is less difficult to secure. It has the disadvantage, — ap 
however, of providing for development on only one side of the highway, a 
whereas if removed a quarter of or more from the railroad property, 


Ve By- -Passes. —This i is an important In fact, according to Mr. Losh, 


One of the 1 major problems of the locating engineer is to provide ‘suitable 


locations into, through, and around towns and cities, necessary 


_ provide suitable connections into the street system of the city. It is highly - 
desirable also to have a direct through connection even though it may be 

_ congested by city traffic, in order to take care of through traffic making 

porary stop in the city. A belt line or by-pass lapatie is equally ga tem 


for: the through traffic to avoid the city congestion in reaching its 2g 


and to permit the sorting or segregation of traffic for different locations. 
MT he desirable condition for the urban approach would be connections 
would permit the distribution of traffic to: 


“ 
(b) ‘The wholesale and industrial | sections; ai ell 


nne 


“Highways Through Cities. —In cities most insistent demand 


the - main street, to > cities are 


aici 


to avoid the congestion: that follows such a location. 


a great many cities, however, highways ‘are taken’ directly through 


crossings, corigestion to parking, and other of city The 

c ~ through traffic is delayed and local traffic congestion is increased with possi- 
bilities of accidents multiplied. Too many towns and cities are placing restric- 

- tions on through traffic by means of Speed ordinances, stop signs, signals, and te 
other regulations. These measures in most cases are necessary for the local — 
traffic but the through traffic can better operate without them and outside the is 


The table ¢ ives inform ation on several cities 
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Other routes give less curvature, ‘but more traffic congestion. ye on 


Right of Way. .—Mr. Losh predicted an inevitable increase in limits 


4 advised highway engineers to consider this possibility in locations by 


providing greater sight « distance on vertical and horizontal curves: 


“To a great extent engineers have allowed right-of-wa -way 4 


ae ~o location. This i is especially true in those sections where the section- a 
cat line road system prevails. It is seldom that on rural highways more than ‘ 
ye 80 ft. of width is secured which amounts to approximately 94 acres per mile. 

Sm Considering the cost of State highways as about $30 000 per mile there could — 
be a justified expense of $3000 per acre for a proportional reduction in 

Ree length of construction. This does not take into consideration any savings in 


_ One evil that affects highway location, in Mr. Losh’ opinion, the 

tendency for abutting property ‘owners to establish garages, service stations, 
concession stands, etc., close to the right of way, thus obscuring the view. 


7 
The engineer should take advance steps to prevent this, for example: bag f DES 


“Acquire sufficient right of. way ‘Gg: future development of ‘the highway. 
~ Obtain extra widths : at all road intersections and other strategic points where 
roadside « enterprises would | likely be established. In making acquisitions it 

= will usually be possible to retain in the right of way the narrow strips, a 


and other small parcels of land cut off from the original tract. These parcels — 


may be utilized for highway purposes in the future or for roadside planting and 


In event they are not available as sites for bill boards" 
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Through areas” of natural beauty ei 
in fee, or “protect with leases, several hundred feet of 
on each side of the right of way. The interest of civic organizations and > 
public-spirited citizens should encouraged and their aid secured to obtain 


provide: access to centers, scenic beauties, schools, churches, ete, Thus, 


“As a the Government, every governmental ‘unit should be 

connected finally with the country at large. * ** * The larger unit of Govern- 

ment has this obligation to its constituent parts—the Federal to the State 

a the State to the county, and the county to its towns and communities. wae 

These considerations of schools, churches, Courts, and other conditions| 
vitally affecting the | citizenship: of the Nation cannot be weighed in terms i: 


“BQUITABLE, DISTRIBUTION OF ‘MOTOR: Vv E HICLE 


LICENS SE F TES 8 AND GASOLIN 


- 
j City Taxes for Use.—In their present-day attitude taxing 


= seem, many times, to have “forgotten all equity” and to have been ‘ ‘actuated 


by ‘the desire merely. to get the money where it can be gotten. most readily and — 
with the least rupture.’ > Mr. Carr went on to cite the fact that Tarrant and y 
‘Dallas Counties, Texas, are about to spend about $8 000 0 000 on county highway cr 


construction which forms a part of the State highway work. The taxpayers of 

the two Cities of Dallas Worth a are dentine: about 80% of 


isors. 
is ‘entirely done the corporate limits of any 
Skete hing briefly the evolution of thought: relating to the financing of 
large projects, Mr. Carr called attention to the early predictions 0 of some people — “ 


that the great cost of the Panama Canal would wreck the Nation. sg It was ‘the Sal 


advent of the automobile that created the demand for paved highw ays, ,and with — eae 

at attendant development came the need for various kinds of regulation. 


of the States, Minnesota, the have ‘adopted a high 


many city streets were 
all country roads were not improved. i 


Con ise equently, ‘the income for was spent largely outside the immedi- 


E areas in which most of the taxes were collected. - Quoting directly, © 
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DIVISIONS 


he same time, the ‘major part of fees collected in the various States are 
paid in by those automobile owners who dwell within the ——- limits of 


Evolution of Gas Tax.— ecti fh 


improvements a are enormous. Despite ‘the: fact that” Federal “Aid. Projects 


3% tically all these Soothe outside the corporate limits of the achicipcitdens: At 


< 


_ 


3 


— 


authorized at present a are destined to cost more than twenty times that of the 


Panama Canal, the only question in the mind of the public is as to getting 


to the present, the oi! to ) have been the 


) primary consideration to the exclusion of studies to determine fair methods of 
distributing funds so 80 collected. At first, license fees were the most popular 


means of charging the. highway improvements to ‘the ones used 


When the maximum posible revenue from this source was reached, Legis-_ 


latures ‘turned to the gas tax, 1 which has now been established in. every State : 
theory of the gasoline tax is” logical—it makes the individual who 
uses the highways, maintain them. It would seem that a fair way to apportion 
5 - that maintenance would be on the basis of gasoline consumed by the auto- 


We 


turning over to the educational funds of the State or to any | other State funds, 


5 
part of moneys derived from the gasoline tax.’ oy ot 


Distribution of Tax—In Texas, a difficulty is encountered in the proper 
_ distribution of gas tax due to the State Constitution which provides that one- 
toni of all moneys collected by the State from occupational taxes shall be 


used for educational purposes. One-third of all the tax ee of Texas are 
Sains in 4 of its 256 counties. Ten counties register 26% o all the auto- 
mobiles in the State, and these counties, therefore, pay 36% of wi money used 
_ for State highways. License fees are levied in two parts, one on the basis 
horse- -power and the other on the basis of weight. 4 1928, these 10 


st counties paid to the State $4 187 340 in. weight fees, and retained only $500 000 


mobiles. _ It is impossible, however, on this line of reasoning, to excuse the | 


a various other States, Mr. Carr explained, there are situations en 


to that in Texas which render impossible an equitable distribution of the 
automobile and gasoline taxes. In many of the States the Legislature i is either 
controlled by the rural r representatives, or else the rural ‘representatives are 
ai of sufficient number to secure for the rural communities more than a fair 
iz - distribution of State funds. A few years. ago it was a rare event when a 


ty “State gave a municipality any part of the funds derived either from automobile 

licenses or from gasoline tax. State representatives are thus» loyal to the 

‘the situation i is most ‘obviously 


ot 


,* Paes Since Mr. Carr’s statement was made, New York and Massachusetts have ‘wort 
taxes ; and Illinois putting such a tax into effect August | 1, (1929. 
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The first. to funds ‘equitably 


9. At present, 50% | of all license fees. collected in that 


are owned. is available: for the maintenance ‘Tepair of 


a 


s tate highways. | The gasoline tax is likewise distributed, 30% to the munici- 


Pe Other States have not worked out such ‘equitable distribution systems, wei 


‘many of them have progressed appreciably. — The status of eleven States in 
ris ‘respect is listed by Mr. Carr as follows: 


ee Alabama: se: Gives 20% of the motor vehicle license fees to the city in 
c 1e automobile is owne 

which tl tomobil 


7 Gives 0.25 cent for each gallon of gasoline sold in the State 
to the cities, distributed on a population basis. 
$200 per mile is given ‘the larger cities for the maintenance 
i State or primary roads, and in cities of 2 500 population 
and less, the State constructs and maintains the State | 


Cities of the first and second class are given for each 


gasoline sold in the of Orleans, this sum 
“Maryland: 7 cents” is paid the City of ‘Baltindre ‘for each gallon of 
ont gasoline’sold in the State of Maryland. The money is used 
for the building and streets and for 


way in the city limits. 
sethnintain 4k cities are given 15% of the motor vehicle license ees 
“Virginia: : Constructs and maintains the State road in cities of less me. 


than 2 500 having houses" more than 200 
“Washington: Gives each. city $500. per mile for ‘each mils of State highway ; 
Gives the larger cities $300 to $500 per mile for the 
tenance of State highway streets in the city limits and 
tee from $25 to $200 per mile for city streets not a portion of 


Use on City Streets—In 1927, the total income for gasoline taxes in the 


‘United ‘States. was $258 838 813, of. which. about 60% was paid by i city 
_ dwellers. Nevertheless, only $2 000 000 of this amount was used for the con- if 


a struction and maintenance of city etreste:! It seems clear to Mr. Carr, ey wae 


on nance , of the city streets forming a part of the iakerss, develepavent ‘ as is spent a 

on the State highways outside the city. Furthermore, it would seem abso-— 

- lutely inexcusable on the basis of equity for the State to fail to do these things. es 
On the other hand, it would be entirely unreasonable and selfish for any ony, ; 

i to expect to retain all the gasoline tax and all the automobile license money > 


collected. within the for the sole use of i ‘improving and maintain- 
A ste tie tts | 
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s the most equitable i in the United States at present. ‘opinion it is not 


possible to establish definite rules for an equitable distribution of these funds, 
The solution for each, case will depend on local conditions which will vary 


from 
~ “Which give the total amount collected in several States during the year 
ending July 1, 1928, from automobile license fees and also the gasoline tax — 
in the several States: also the. amount derived from the registration fee in 1927, 


s well as the amount derived on account of the automobile gasoline tax. “en a. 


DISTRIBUTION OF HIGHWAY FUNDS. BETWEEN THE STATE 
AND ITs “MINOR POLITICAL SUB- DIVISIONS 


By M. Am. Soo. C. 


weleomed | an “interchange of views on “what he considered “ the most contro 

versial ‘subject. uppermost in minds" of highway engineers”. There 


a great. “question as to. whether ‘State “Highway Departments ‘should have 


= exclusive use of revenue from license fees and gas- tas funds, or whether parts” 
be distributed to county highway ‘projects in areas of unusually dense 


City. of Philadelphia, for 


e total population within: the county ines. be Not a single foot of 


154 of ‘streets, a total of 2035 miles. this were 
. estimated on a State highway basis, that is, all streets a uniform width of_ 
ise 18 ft., the city would have a total mileage, of 2 886 miles. As against this, } 


same has a mileage of 13 200, and Sunaienil dues year (1928) from motor 

license fees and | gas tax funds approximately $52 000 000. From these figures, 

city highway « engineers feel that the ‘city does not get, in receiving $602 500, 
die anything like the amount it should, when consideration is given to the city’s 
mileage system with its much heavier traffic and also to its extremely dense 
Bs population. Until 1922, no State highway funds at all were made available 


for of Since that time a certain amount has been 


had any State funds at all. There has happened in Philadelphia what I fear 
- may happen in all too many other minor political subdivisions if State money 


the Bureau of to as as it in it 4 
is distributed instead spent by the State; that is, that instead of 
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ments within the 


more money available for the different within the or 


counties, the city or county appropriating authorities will simply i 
less money for highway work from their current revenue because of the State — 


ppropr ate rom State pent from city funds— 
| Gas Fund to City of _current revenue, loan Total spent by Bureau of 


7 6 

7 

827 
10 


24 184.95 7-789 184.95 

062 114.33 6 148 114.33 

610 367.12 | 7 128 367.12 

939 551.36 | 8128 551.36 

333 995.45 795-45 
184.16 811 584.16 


| 602 500° 018 739.88 | 10 621. 239.88 


2. 2.—The allocation should be based on mileage and population within 


—The State should have the right to ‘designate the type of work to a8 
" iy be done and the routes to be selected with the funds it supplies a 


4.— 


Under the present system the: for a to receive more a 
nore e funds from the State decrease dere: proportion- 


GENERAL DISCUSSION 


Experience in Iowa.— the Carr view: 
point | of conditions in Iowa, President Marston ‘stated that the main object, — 


for some time to come, should be" “to secure the construction of a State-wide ; 
system” of roads”, such that traffic lines will remain open through the an 


ae “Tt certainly would put the completion of that program back if any anaes 
rial proportion of the recepits from either automobile license fees or gasolin 
taxes were simply turned over to local municipal bodies. 


: ae _ “We established a gasoline tax there a few years ago, a certain fraction of 1 


which, for r example, went to the townships. . Now, it is my judgment that they bs 
7g might as well have left that tax off for all the ‘good it has done in benefiting th 


- funds as are spent inside the city limits, it is wise to haws the State officials | 

assume real authority over the streets on which those expenditures are to 

be made, and to see that they ¢ are made i in such a way as to ‘give us connections 


August, 1920.) HIGHWAY AND CONSTRUCTION DIVISIONS 
hio 
not 
Proposed Limitations.—Specifically, Mr. Myers recommended that: _ 
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* 2 
from our main lines of roads ‘State: roads into ‘the heart of city. 
think that the expenditure inside the city limits should be made by the local — 
municipal | bodies and not by the outside authorities ; but that a great deal of a 


authority s should be retained in the hands of the State body.” Rear F Re 
Road Funds in Their Entirety. —Mr. Losh agreed with the argument. for the 


use of automobile license fees and gasoline taxes, as. 18. presented. by Mr. Carr. 
Of the gasoline tax collected in Pennsylvania during 1928, 5% was used for _ 


purposes” other than roads. In his opinion, there should be: 


An equitable of road funds made to the several classes of 


“roads. This distribution should contemplate the entire fund, and not merely — 


the gasoline tax and automobile tax constituting only (85% of the highway > 
work, — Bear in mind, aside from gasoline and auto taxes, W we have ad valorem, | 


taxes by counties and cities. 

“Consider that the entire of 1997, $14 400 000 000, 
the sources of income are as follows: 18.6% from bonds; 35.2% from gasoline 
tax on automobiles ; ; 40. 1% from ad valorem taxes; then if we are going to 


consider the distribution of the highway funds, I think we. all: 

ae In closing the discussion, Mr. Carr stated as as regards ad valorem taxes on 


“That tax very, difficult to collect ‘and not more than’ 50% ‘probably is. 
‘collected by the cities and counties, Then, as a rule, 
is levied by the cities on automobiles.” 

_ Cities Autonomous. —He took issue with Mr. ‘Myers as to the proper dis- 


“tribution of funds for improvements to city streets: fon? 
“The city authorities are the hess judges of what money to spend on city 

streets. taxes a nd other taxes are high. -If these funds come in 
another source, it is very natural—and I think perfectly right and proper- we 
aime authorities to reduce the taxes, having this other money to spend on 


its streets, for this oer Trae the roads and streets are kept up in a < 
“Tt may be, as is true in many cities, tek a city bonds itself very heavily — i 
order to make certain improvements, paving streets, ete. That w ould. put 
ae big expenditure on these propositions for a certain time; after that the — 
taxpayers pay the bill in the shape of charges for their bonds and oney i ¥ 
fund. Not one city has done that, so it is necessary to spend less money in 
Be the future for a certain year or “number of years, and they should not = 
rs penalized on the allowance from the State on account of having had foresight _ 
enough to make that expenditure when it was needed.” 


T he meetings of the Highway _ Division ‘and the Construction Division 


were held jointly, the papers of the form mer being read and discussed first. i he 
the paper presented as part of the program of the Construction 


"Division was followed by the showing of numerous slides on. conerete road-— 
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CONCRETE ROAD BUILDING PL 


In his preliminary remarks, 1 ‘Mr. Bell ow outlined the scope of his paper, stat- 


‘ing ‘that it was restricted to conerete pouring methods and machines 


“the mechanics or economics of the operation of a plant, but had merely out- Ag 


| lined what is orthodox in concrete construction with reference to. equipment — ae 


- and methods, giving some experiences and some suggestions for its operation.” aT, 


This interesting valuable paper expressed in detail many features 
which make for | ‘economy in road building everywhere, with especial reference 

exas. The ke 


“The contractor’s is to do work, and, at the same time, obtai 
=. profit from his work. His opportunity for obtaining a profit is largely de- 
i. BD agen upon the machinery which he uses and the efficiency of the labor whicl 


selection of machinery, its. assemblage into a 


ning, from the determination of some specific course by which a ‘desired result. 
By can be had, and, then, from setting about with tireless persistence to follow 
- that course. It is the result of careful planning, hard work, and good man- — 
Value of Good Equipment. —Modern development i in the field of plant man- 
agement has resulted in many improvements for the highway contractor. 
Development has been ‘so vast in many cases that road builders could not keep 
abreast with it. They have had scant time to study many of the economic 
phases of proper choice of machines for wre in their construction 1 plants. . 
“The contractors task been to select, ‘frem a mass of available 
equipment, that which would best fit his propose 
perfect the use of the machines until they would give regularly all the service 
: ie of which they are capable, and to co- -ordinate their functions into a smoothly — 
 Sinee it must be admitted that’ a contractor's 8 business i is to make money, 
¥ ! — must be more interested in the return of production than i in the creation of 
outstanding production records. Bell advanced the opinion that record 
‘reflect. little profit except i in the case of an occasional ‘spurt 
advertising purposes. The - maximum ‘number of square yards is most: likely 

to. result from the prog ram production. 4 In insuring 


oa rate which yields | production i in harmony with all the others. The paving — 


mixer is the producer, the ® pacemaker, for the entire ada ‘The 
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the paver. In the sequence of operations which must be performed, each ele- % 
ment must be scheduled to do its part a little in excess of the capacity of — 
pace- makin, mi ixer, so that short delays: need not affect, the output of the 


Care 


toad work, the con- 


wal find it worth study. the economies in various special hand 4 
oped to fill some particular 


need. It ‘the: ‘equipment problem has been settled, the contractor must con- 
sider proper choice of crew. As modern methods 1 requiring power- -driven 


machines have largely replaced manual labor, the labor ‘that is still 


used be of a higher general quality than “was formerly ‘the case. In 


describing the plant layout for aap in Texas, Bell feels 


Rough Grading. —Mr. Bell made n no effort ‘that ‘grading 
could be ‘summarized briefly into anything resembling a standard, because the 


work to be done varied so greatly. Ih own nt 


i “The: specifications and the ‘desig’ of the embankmen it, the topography of! ‘ 
the country, the nature of the soil, and the season for doing the work, all 
require consideration in determining how the rough grading should be done. _ 
“The methods of grading, in themselves, have not shown the same degree 4 
of improvement as has the surfacing. The fresnoes and wheel scrapers of the __ 
“aN _ South and Southwest still keep the price of dirt work at such a low figure that 


at it is not sufficiently attractive to interest the efforts of alert contractors . The 
are let in small units and light yardage.” phe 


some other sections of the country, where the extent of grading 
heavy embankments has resulted in more | substantial and better deve 


oped basis of procedure than in Texas, the steam | shovel, the drag- -line, clevat- 


grader, and new crawler wagon seem ‘to prove quite satisfactory. 
Wag Ya rd.—On highway work it i is very important that an ile 
: Saree of proportioned materials be available for transportation | to the mixing a 


_ plant at all times. . The choice of a a plant 1 will depend largely on the relative K 
certainty and ease of delivery of material as needed. Ons some large jobs i = 
is feasible to provide vast storage ‘spaces in which material can be stocked 
uring g the winter when construction is at an ebb , so that, : in the 2 spring, work — 
zing this material. Bell, however, 


rineipelly interested | in the construction af roads that required materials 


be delivered direct to the job : as needed, and the subject of the paper was 


confixed within these limits. de 


“The equipment “required | for such a plant is a crane and 
equipped with measuring devices, and, , for auxiliary service, special trackage — 

and a cement warehouse. The crane is of the crawler type, full revolving and ‘ae 
handling a clam-shell bucket, ranging in size from 3 yd. to 14 yd. Tf the - 
9 capacity of the crane and the skill of the operator | are sufficient, all the cunload- : 

ing and proportioning sufficient for the full requirements of a 7-sack mixer 
can be accomplished during daylight hours with the one crane. Quite fre- 
quently, however, it is found that a_ night operator is necessary, in order to = 
unload out of cars into storage enough of the materials to free the regular ue 
operator = a part of the he might 
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Brack choice of track layout will on ‘the effi- 


‘some and a stock pile are abt the “middle o: of 
ing track. The length of track necessary is twice the combined length | of 


es string of ¢ cars long enough to hold the ‘usual a amount of material needed for . 


one day’s work. Lee Ppads stock piles should be provided as a source of 


of ahould be by ‘the same according 
Mr. Bell. In addition, a space should be available for the storage 


cement that comes in while the job is shut down. 


—Bins are available in. various sizes and designs. In general, they 
should “a rigid and strong enough to withstand unusual and erratic loading, — 


~ and at the same time they should be light enough 80. that: they can be moved 


economically as possible. Mr. Bell approved of the present tendency towar 
“ neasu rement of aggregate by weight. In fact, he stated that it, paris ame 


“Is now an accepted and established practice. Certain Highway ‘Depert- 
‘ment specify weight measurements ; others favor them. Weight measurement ; 
ovides for greater accuracy in t the proportioning of aggregates. The bulking x. 
sand, due. to the moisture content, and the varying voidage of the coarse 
gregate, seriously disrupts the accuracy of volume proportioning. Several 
_ manufacturers offer w eighing batchers that are entirely satisfactory in opera-— 
tion and comparativ vely i inexpensive. Changes in the sizes of the batchers: can 
accurately made with ease and with ‘no delay.” 


oe. ‘he use of bulk cement with the help « of bucket elevators, sereen conveyors, om 
proper weighing devices offers | an _ opportunity for economy. Bee 
Hauling. —Hauling by m “means of truck i ‘iss still the most widely used. ‘method 


: 


on road- -building projects. In Mr. Bell's” 


present, tendency i is for -multiple- batch trucks to ‘the lighter 


_single- batch one. Most contractors prefer to hire their trucks and pay for them = 


on a batch- -mile basis. Some still prefer to operate fleet, thereby 
assuring constancy of service at all times. That i is, Won OTe 
trucks ‘gre there s hould be a number of them 
to insure there being at the mixer always enough trucks standing by, to remove | 
any possibility of the mixer waiting for a batch. The number necessary is” a 
dependent upon the speed of the truck, the length of haul, and the time — 
required at the material yard for batching. Any money spent by the contractor 
in the maintenance of roads, which will assist the trucks to maintain their 
- full speed, without having to slow down for bad holes or barriers, will greatly 


Fe-act to his benefit.” dig 


les 
equipment save time in turning trucks. certain 


j a narrow-gauge railways are an advantage, but this type of plant “has not been 
accepted as readil 


= = 
keeping the bins full by digging largely from the stock piles. Greatly in- — 
4 | greased operating speed can be obtained by loading directly from the stock 
4 
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m job to job, ‘and the time delay up ‘such’ equip 
“ment, are ‘compared with the ‘more’ mobile trucks. Neverthe- 


has been established, so that. ‘Mr. Bell a com- 
bination of narrow-gauge railroads and trucks, when the of haul 


“Water Supply. -Tt has been most tei said that ‘the Water is 

life ofa paving job, and the pump is the heart of the water supply’. When the — a 
if oF pump stops, the work stops. Second only to delays of management, the Bureau — 

c of Public Roads’ Time Studies show that more time is lost on paving outfits ; 

o from the failure of water supply, than from any other individual cause.’ ; 


“a Modern development in pumps has made several that are espe- 
cially designed for road building. — Some of them will supply “from 80 - to 120 


“gal. ‘pert min. a Ib. pressure.” Mr. Bell ‘stated from I his ‘experience: 


bes “That from 40 000 to 60 000 gal. of water per day are sometimes required 


a the hottest part of a Texas summer. Se Although such demands can be 


<4 


supply allows such using two pumps, to one pump ahead 
of the mixer, in order that its supply ‘and pressure will remain undiminished - . 
by the demands of curing, while the other pump is left behind to furnish | curing — 
water. Pumping from different sources and working against each other, the 
two pumps, in that way, should maintain a constant pressure throughout the ee 
2 entire line, and neither mixing nor curing interferes with the other. Then, in 
_ the event of a shutdown, either pump could | temporarily supply the ‘combined - 
needs of the entire job” Esti ‘Saw ott’ 


ane water pressure and p pipe capacity , should be available so that if one Be 


batch of concrete has been taken from the mixer-there will be enough a | 
once for the next bateh. This feature” simple 


“to hydraulic atudy”. Black iron is used everywhere for carrying the 


water from the pump along the ‘road. It should be laid in in a ditch 80 that 
| S Namieie water will naturally drain away from the job. Instead of a 2-in. 


contractors: are now using 24 and 3- -in. - pipe, figuring that the decrease 
q friction as well as the greater capacity of the pipe will offset the added pur- roe 


a ee Relief valves at ‘the | pump and at the mixer are importa 
th the event of sudden. n stoppage. Mr] Bell recommended that ‘outlets, be. 


ee, vided every & 500 ft. for. the | connection of a mixer hose 300 ft. long. ; In fact, 


A large number of use two mixer hoses that one may a ways 
‘to furnishing water to the mixer, while the other is being moved ahead. Hose for 
the mixer in the very best obtainable Ant to in. sizes, should be 
Form Setting and Fi ine ‘Grading. —To a large extent, the tools and methods 
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- necessary to have _ While several makes of 
forms are on the market, the all are sufficiently similar to 
standardize their setting operation. © Forms should be supplied i in an amount 
at least twice that of a maximum day’s run. Economy in forms is ‘penny-wise’ 
- economy. The farther in advance the forms are kept, the more economically ee = 
ean the sub-grade crew work. _ The forms are a gauge and templet for both — Wy 
subgrading and finishing. Consequently, contractors” have all along ‘sought 
- forms that have offered, with ease of installation, the greatest strength and a 
rigidity. After the forms | have been set, the sub- grade is ordinarily scarified | eae: 
- thoroughly, from form to form, to a depth of 0.2 ft. A subgrading machine, 

_ frequently equipped with an auxiliary scarifier, is next pulled along the forms, 

: making an initial cut and leaving the sub- grade slightly above the net grade. 

The excavated material is spread uniformly along the shoulders. The sub- | 

- grade should then be lightly rolled with a power roller, weighing preferably 
. from 3 to 5 tons. When the sub -grade has been rolled to a uniform compact- 
” ness, the subgrader should again be run over it, a cut being made to the exact nd : 
2 neat lines of the section, and the excavated material wasted. Pulled behind the | ee 


s paver, another subgrading machine, called a trail grader or sub- grade planer, 


3 Mizxi 


—The T-bag batch s size of machine isn now most 


“The mixer is the pace-maker for the entire ‘operation.  Itis the bottle-neck — 
of the production. All the other elements of the plant should be synchronized — ~F 
and organized to assist in securing from the mixer its maximum capacity in chee 
output. The eycles of full operation of different “machines, under 
1-min. mix specification, will range from 1 min. and 10 sec., to 1 min. and 25 Ee ae 
gee. Mechanical devices are now available to control the cycle of the opera- Be 
ae but, as yet, are not generally used, for, as a rule, an alert operator can get 
— out of the mixer its maximum capacity, provided the other elements of the 
5 plant function properly. To develop the full capacity of the mixer, the pe 
must be able to make it hoist, mix, dump, and travel simultaneously.” =i 


The acceptance of the water-cement-ratio theory i is to establish- 


ment of gr greater accuracy in the control of ant ‘and devices for this pr purpose 
have been considerably improved i in late years. | 
‘Finishing —NMr. Bell advocated the use of mechanical finishing machines 
preference to hand methods, and stated that, 
 - straight and rigid form line and a concrete of unifcrm consistence 


Be the prime essentials of | a good finish. The tools and machines to be used, : 
. whatever they may be, cannot get the results of which they are are capable without 


“Specifications and the whims of certain engineers “sometimes require 
special hand methods of finishing behind the machine. Such finishing is 
dependent upon personal skill. A level, unyielding form line, and a 
properly functioning machine, in the speaker’s opinion, provide a paar 
and mechanical exactness of surface finish not at all possible where hand a : 
Shoulders.—The demand for greater refinement in the dressing of 
oe shoulders has occasioned the development of machines the finished work ee: bes} 
which should please the most exacting. Such machines, running on the i. 
a ment, » and ‘with blades gauged by the edge of the slab, cut the shoulder - slope * 13 
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to the exact section of the plans. Both, however, are dependent on an yddebiaate a 
supply of loose material on top of the shoulders.” aoe SV RT ARO 


ees are being u used more and more t to aid in curing concrete pave- 3 


at, but the old method of an earth covering sprinkled with water, or that of 
, is still being used in the majority of cases. 
of Improved Methods.—In conclusion, Mr. Bell stated that, 


“Better and cheaper roads are being built. Such improvement 
been brought about by the speeding of operations and the « 
ate increased efficiency and reduced labor and overhead costs. If you will reflect 
es _ that, within a period of five years, the output of paving plants has been : 


% 


doubled, that the labor cost has been cut in half, and that the plant expense 4 
has not increased, you can appreciate the wonderful strides that have been 


eciate, the wonderful strides, that have 


‘Replying to a question by Chairman W. J. Barney, Mr. Bell stated t that 
the day: of steam for on road work is past. From 
quite definitely established that 
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APRIL 25, 1929—9: 330 A TO 12: :30 P. M. 


by 
Before proceeding to the regular program of the Russell Suter, 


IM PROVEM E 
By W. "Ese. 


Early Sanitation- —Asa result. of developments | the Eighties, 


Fort Worth now has about 550 miles of sanitary “sewers which serve 85% 


of city’s population, according to Mr. -Mahtlie. ‘The establishment of two 
large packing houses in 1903 has added greatly to the contamination of the 
Trinity River. After ‘numerous: suits had been filed in protest against condi- 


. Se ‘in that s t stream, t ‘the State Legislature enacted « a law on July 1, 1913, 
making it illegal “to pollute watercourses and other bodies of water, 
and giving cities of 50 or over three years ‘to make ‘provisions 

Two, expert ‘consultants were ‘retained in 1914 ¢ and empowered 
to make a sanitary survey of the city. They | recommended the establishment 


of Imhoff tank sprinkling filter treatment. ‘They also r reco! mmended that 


| 


1919 a bond issue of was ter a sewage disposal 
plant. Legal developments, however, prevented the of ‘the bonds under 


= _ the conditions proposed, and the » work was ‘never begun. In 1921 other consul- 


tants were retained, and they recommended activated ‘sludge. treatment. The’ 
recommendation was over-ruled by the City Commission, which felt that 


Imhoff tank sprinkling filter method was best, and the > plant with a capac 


be 500 000 gal. per r day was designed o1 on this basis. Se estimated pled 


operation on n ‘April 24, 1924. It is locate iles east of F ort Worth. on ‘the 
Trinity River. As described by Mr. Mahlie: 
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Chemist in Chg. of Water and Sewage Purification, Fort Worth, Tex. 


e-dri en pumping plant, 
Imhof. nks, sprinkling filters, final sedimentation tanks of the ming let, 7 
chlorinators, ‘sludge drying beds, and all the necessary appurtenances. i 
ye outstanding features of the plant were as follows: The Imhoff tanks 
ere rectangular in shape, 96 ft. long, with a total depth of .25 ft., and con 
sisted of a double- flow channel, each half being 16 ft. wide. The gas” disanll 
covered 25% of the surface area. ~The detention period based on complete 
displacement flow was 1.8 hours. s The sludge capacity was estimated at 151 000 
= ft., or 1.2 cu. ft. per capita. The filter beds, three in number, had a ‘total 
area of 3.18 acres, with 8.2 ft. depth of stone. Sewage was applied through 


80 ft. in diameter. Dorr 
vided 13 hours “detention. The bed area was 1.4 acres. Prong 


Treatment of Packing- Wastes. —Complying with the the 

i first consultants, the packing houses prepared i in 1904 to provide a \ preliminary 4 


= ‘system | of treating ‘the waste from their plants by constructing septic tanks, 
contact beds, and sprinkling filters. _ This plant was found unsatisfactory, i 


re and, in 1905, ‘they were advised by a consulting engineer to install” a ‘septic 


No action was taken « on these recommendations. How ever, 

“En 1916, an “experimental activated sludge plant was built. _ The results 


were good, but the cost was too high and, consequently, the plant 

Ae was never built. When the city started building its disposal plant in 1923 

ey and 1924, the packers decided to install a screening plant, and as the it 
progressed they (the packers) decided to add Dorr clarifiers. Their plant 


was completed and put in operation in February, i » to 


. tank, a rough filter built of large rock, a subsidence basin, and a final gravel 4 


Disposal Plant produced a good, modified effluent ‘for ‘about 10 ‘months. 
she ny : a 
‘The addition of waste from the packing houses increased the normal strength 
the city sewage considerably. This sum led to the conviction that a ‘an 


oe enlargement of the plant was urgently needed. _ Accordingly, in the summer 


of 1927, ‘expert consultants were again retained ‘to report on the situation. q 
Their ‘report was made in ‘November, 1927, recommending a plant of suitable 
to treat 16 000 ) gall daily. It was stated that, 
way, ‘To the existing plant into a ~aeration type of plant, similar 


—&Q) To construct an pms sludge plant of about 11 000 000 gal. = 


ity, and operate it as a separate plant, in addition to the existing plant. 
~ “(3) To enlarge the present plant along the same lines as then existing, 


namely, Imhoff tank and sprinkling fiters.” ite 


1998, is now (April, 1929) nearing completion, According to Mr. Mahlie 
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(5) Pre-aeration tanks. it 


(6) Sedimentation tanks f for aerated sew wage. 


(7) Twin dosing tanks. 
ninolf g ban lisw ql? tty 
(10) Sludge digestion 
In an alternate plan, provision was made for generating electric power by 


‘means of gas -driven| generators utilizing the gas from the digestion 


tanks. «It we was decided, however, to collect more exact | data 1 regarding quality, 


_ character, and rate of production of the gas before spending the $100 00 a8 


“The improved plant: will have a capacity for ‘an estimated flow 
3 of 16000000 gal. per day, representing 225 000 population expected to be | 


reached in 1942. The maximum daily flow expected in 1942 32 000 


i The present flow is estimated at 11500000 per day, ‘of which 9 000 000. gal. 
is domestic sewage and 2 500000 gal. is partly treated packing- house waste.” 


Proposed Operation. —Following this description, Mr. Mahlie gave a 
detailed account of the operation | of the plant as now "constructed. The raw, 


sewage will be delivered to the screen and the incinerator house through a_ i 

om 54-in. line. ‘The present tin. bar screens are being changed for a mechanically oun 

cleaned “screen with -in. openings. raking mechanism i is float- 
controlled, and is driven by an electric motor ‘through suitable gear reducers. 

g An incinerator with a ‘capacity of 40 cu. ft. of wet screenings in 10 hours will ‘* 


be fired with gas obtained from the sludge digestion tanks. From the sereens 


the Sewage pasees t through a 42 by 18-i -in. Venturi meter to the grit chambers. 
2 1 The detention | time is 51 ‘sec., ‘and the velocity, 1. 8 ft. per sec. From this 


‘point the ‘sewage will be pumped to preliminary settling tanks by six “pumps, 


having a total | capacity of approximately 45 000 000 gal. daily. These pumps 


operate against 284 to 29% ft. of head. ‘By using Imhoff tanks for preliminary “i 
, will be possible to draw the fresh solids to the digestion 


aik each day, or, if necessary, allow them to become partly digested before — 
pumping. In the | latter case, however, the gases formed in the first stages 


* digestion » will not be recovered because provision has not been ma or 
covering the gas vents. F rom the Imhoff tank, the sewage will pass to the 


- aeration tank, consisting of 26 channels, 145 ft. long, 10 ft. wide, and 11 ft. 


deep. - These are arranged in five units of five channels each, and one unit — 
consisting of one channel is re- -aerating the sludge. The central unit of the 


five is arranged 80 that all ¢ or ra part of it can be used for re- ~aeration in 
addition to the one channel especially provided fo that purpose. Then, 
To55, When handling 16 000 000 gal. per day, the designed capacity, and return 


ing the sewage will be aerated for 3 hours sludge for 
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6, and air will be. supplied at th 
rate of 0.5 per The e aerated sludge will ‘then pass to three, sec- 


ondary s settling tanks which are 


in diameter, 15. 67 ft. deep. at ‘the 
enter, and 13.33 ft. deep at the 1e edge. Sewage enters at the thtoagh a 
“in. pipe passing through t the ‘side wall and overflowing : an uptur special 


ell in the exact ; center, then passing under an octagonal baffle surrounding — 


ex tire unit, According to Mr. Mahlie: et aot 


oward the periphery a: nd) pass ‘Ghee's adjustable 
weirs extending tank, into proper channels 
and then to th 


‘The pe sludge is then pumped from these tanks to the re- aeration unit. - The 
total area of all the beds will be 4. 24 acres, and ‘sewage is to be applied at ) 


approximately 4000 000 gal. daily per acre. . “From the sprinkling filter the | 
Sewage will | flow te to the final clarifiers, where provision is made for detention : 


a 1 hour and 23 min. _ Then it t goes through the chlorinating chamber to the 


effluent outfall where a flap gate is ‘provided to check back- flow in case the 


iver rises. The total cost of these improvements will be main — 000. O ca 
of sewage at I Fort Worth is as follows: 


wort all q edt to at lo bali 
ORTH Sew ace AN: ALYSIS— 
(Values are in parts per million) 


hes 


Fort Worth, 
domestic, 


raw. 


798 


Fort Worth, 
domestic, 
treated.” 


Pac 
house waste 
as delivered 


city mains.) 


tne > 
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Mixed 


sewage now 
received at 
Sewage 
‘Disposal 
Plant. 
(4) 


web 4 


Final 


"effluent, 


i 


adi 


‘Total solids. . 
Suspended solids 
Nitrogen as nitrite and nitrate... 8.2 2. 4 
i-day biochemical oxygen 


oe 


Average flow. in million gallons 
per day (estimated) 9.0, . | ict 
equivalent. . rae ou 


* Column (2) refers to first 10 months of operation. = 
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SION 


ba OF THE PLANT iv 

t 8. 8. W. -Freese,* * Assoc. Am, Soo. 


. Freese, is pertinent as well a 


ere are several mente’, in which 


plant, that is, before enlargement, is of the Imhoff tank- 

—The size of the ‘present ‘plant is being trebled by: 

on £h “(a) The introduction between the Imhoff danke eid the sprinkling 

oa ate ae filter of activated sludge units which provide 4 cu. ft. of air 
per gal. of sewage in 33 hours. The sludge i is settled cae 
rate of 1333 gal. per sq. ft. per day. 
‘sind «@). at increase in Imhoff tank, capacity of 25%, 5 giving a a prelim- 
lez Ed} An increase in sprinkling filter area of 334%, such that the 
| "aerated sewage will be taken at the rate of 8 500 5 5-day bio- 
chemical oxygen demand, per acre per day. 
ON — “(d) An increase of 200% in sludge digestion capacity. 
‘4.—A mixing chamber i is provided | for mixing | the raw sewage 

5.—The aeration tanks are 10 ft. by 10 ft. wide in cross- section, 


—The secondary dre octagonal with er 
—Two- -stage sludge digestion is provided, the first stage in the Imhoff 
- parm: and the second in separate sludge digestion tanks. The separate sludge > 


2% digestion tanks are equipped for sludge mixing, scum breaking, sludge age 


The city 


me twice the area bien ty the new plant and also owns three « or four times 
land behind the levees. 


the new filters were designed, ‘the q question came up as to 
_ whether to use split tile, as previously, or one of the new patent bottoms = 
- which seemed to work so nicely; and to find out whether the present split — 

tile was we dug down into the old tank and found 


> 
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ant 
; Used y the screening incinerator and for heating the sludge. It is further a 
a. _ planned to install 800 h.p. of gas engine-driven generators to use the gas from 4 a 
--<In the layout no part s were left for the extension of the ne oo 
— 


ere 
Repl ing to F. C. Scobey, M. Am. C. E., as what, dificulties are M. 


countered in maintaining the orifices of the Venturi meter ‘and what 
there was for cleaning, Mr. Mahlie explained that provision 


OPERATING RESULTS “AT DECATUR, 


By Samue. A. Greetey,* M. Am. Soc. 


Since the experiences at ‘the plant in Decatur, Ill. , affected parts of the ‘ pl 

design of the F ort Worth plant, Mr. Greeley resented § of the later 

pat operating results observed at. Decatur, taking the month of September, 1928, oM 


as reasonably typical. The Decatur plant was designed for a population of 


‘I about 60 000, and in addition td the tanks and accessories, it included 3 acres 


sprinkling filters. ‘The presence of a cornstarch’ factory placed heavy 


burden on the plant. In part, Mr. Greeley said: 


industrial waste from. the starch: works overloaded the plant as 
ae had the packing houses at Fort Worth. Aeration tanks were provided in 
addition. During the month of ‘September the flow averaged 11.87 gal. per 
day, all delivered to 3 acres of sprinkling filters, making a rate of nearly 

« 4000000 gal. per acre per day. Prior to the installation of | the "el 
tanks, that rate was seldom more than 1 500 000 gal. pen acre per day.” : 


t 


* 


‘ad The bio- chemical o oxygen demand for September was 172 parts per oa. 


Bre is equal to that required for a population of 96 000. The effluent. of the - 
aeration tank filters reduced the oxygen demand 43.2 parts. This” was then 


Ee pl laced on the ‘sprinkling filters and passed through the final settlement tank — 


as to reduce the demand 91.9 parts. The demand f or the final abiding q 


- The electric power used for | pre- -aeration was 93 850 kw-hr., which w was cat a 

~ rate of about 0.42 « cu. ft. ‘per gal. of sewage. | Speaking of overflow conditions 7 


“Kg ig the case with many plants handling sewage from conibined | sewers, it 4 

Ae is necessary at times of high flow to overflow at the plant small volumes of the q 7 

Pe sewage. * * * This overflow is now measured and a determination made of _ 


the strength and is computed back to the population equivalent. The average 

amount by-passed was 230000 gal. per day; which, figured from its oxygen a 

- demand, gave a population ¢ equivalent of 1 900. # his, of course, went untreated © 
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uld a Apparate, supply, of gas from a city be used of th 


‘grading f the media? What an 
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 &§ made for removing 


j the tation the of fines du 
time the stone is being put in the 


M. Am. Soc were discussed the and various other 


in turn. _ There is no auxiliary gas line from Fort Worth to t the Plant. ‘The 
pilot Vaht i is maintained only by gas from the digestion. The stone is graded Wi 
= to the same specifications as that for the old plant; that is, from Me 


14 to 24 in., before being put on ‘the beds. ‘The « contractor runs his cars right mee 
out over the bed and unloads the stone from the cars on the ground in that — 


According to L. Winans, Assoc. Am. Soc. Cc. E., ,an attempt was 
4 first made to wash the rock, but the contractor had more sani by using pair ; 
‘pressure: and a | blower. dust is blown out of the rock at the. crusher 


plant and the material i is then delivered in carloads. ball latent 
The practice at Wichita Falls, Tex., was by H. R. F. Helland, 
M Am. Soe. C E _ After ¢ considerable difficulty, good clean stone was secured | 


Oklahoma and Texas. stated by 


“Tt was placed by. shovel. from tracks running over the stone, Immediately 
after being placed the fire hose was turned on it and it was washed that way. sok} 
Since that time, a 4 


Preliminary Considerations. —Since 1901 the disposal of all | sewage from San 

Antonio has been done ‘under contract with an irrigation “company. Sewage 


to an artificial | lake called Mitchell’ Lake, about ten miles 


south of San Antonio. waters from the lake were used for. irrigating 


approximately 4 000 acres of land. In recent years s the sewage flow has 
for this arrangement, and the city has employed engineers to make 

f 
_ necessary reports he: draw plans for a more adequate treatment. Accordingly 


ary to entering into the design of the a pent, sewage flow x meas 


“Mitchell's Lake. The average flow for ten was 16 400 000 gal. per 
a with a maximum flow of 28 400000 gal. per day, at which rate some sewage 
. was spilling over the sides of the channel. This maximum flow occurred dur- 
ing a period of storm. From September 10 to November 30, 1928, a sample ta 
: of sewage was taken each day, the time of taking such sample being an hour 
‘later each day for the period. Analyses of these samples gave an average of Ks 
suspended solids of 260 parts per million. Tests on these samples showed 


«68. 4% volatile matter and 31.6% _ash, giving 0.163 lb. per capita per day of f 
‘Activated. Sludge Plant. —The present population of San Antonio is esti 
; mated at 285 000, of which probably 220 000 contribute to the load of. ‘the 
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sewerage sy or 7 
per capita pet Describing t the plant, "Mr Hlllend 


“a, “The San Antonio sewage treatinent works is to be an activated slu dge 
type of plant, designed to handle 30000 000 gal. of sewage per day, thus pro- > 
at viding for an increase of approximately 85% in the present sewage flow. Tt’ 
is estimated that this will serve a contributing population of 400000 People.” 


| said The new plant” will be located about five miles south of the city. The 
sewage. will be conducted to the plant through a 76-in. concrete outfall sewer. 
The total flow will be ‘measured by means of 60° by 36-in. 
1 


: 


x 


equipped with automatic register-indicator-recorder. ‘There are to be two 4 
i channels for the flow of sewage in the screen house, in one of which will be 


installed a mechanical rotary screen with din. “openings between bars, and 

in the ‘second channel, a a plain bar screen with openings” of similar width. 

The incinerator i in the screen house will utilize the gas” from the digestion 


4 


; tanks as fuel. As the > sewage goes to the ; grit chambers, its velocity is reduced i 
; Bees to approximately 1 ft. per sec., in order to promote sedimentation. _ There are 


el three channels in the grit chamber, two of which will suffice for passing the 


entire flow while the third i is being cleaned. > square primary clarification 


tanks: which | are next in lia ae, have an average water dey pth of 11 ft. These 


are designed on a basis of a 30-min. _ sedimentation period, with» an ‘expected _ 
removal of 42% of suspended ‘solids. Skimming devices an scum d drains 
are to be installed at one corner of each tank. Next in line are the | 


aay _ tanks, which are 20 ft. wide, with a 15- ‘ft. depth of sewage. _ There | are three 


ows of filtro plates along one side of each channel, the ratio of plate area 4 
to tank area being approximately 1 The sewage flows back and. 


through three channels, giving: a total length of of aeration channel of about — 


= 


Route of Flow regard to the flow, Mr. Helland stated that, 
“Sewage enters into the aeration units” through submerged by 36-in. 


- sluice-gates and is taken out over adjustable weirs into the outlet channel a 
across the lower end of the aeration tanks. "The total area covered the 
ae aeration tanks is 400 by 194 ft. ‘These : aeration tanks are designed for 5 -hour : q 


aeration periods, the rate of aeration being 1.5 cu. ft. of air per gal. of sewage.” 


The final clarifier tanks are 90 ft. in ‘diameter, with a 15- 5-ft. water depth. 


They ‘are ‘designed for a 2+ -hour sedimentation ‘period, figured on a basis of 
S design flow plus 20% return sludge for 1600 gal. per sq. ft. of tank area daily. 
dee They will be equipped with Dorr stirrers and roof 
ee will be concrete, supported by I-beams suspended from the supporting truss. 
cio: These tanks provide for a 45- -day storage of sludge. Digested sludge will be q 
pumped from the digestion tanks t to two s sludge lagoons, each 200 by 200 ft. 
“Exeep ot for the raw sludge pumps, all equipment will be installed in 
__ Jower floor, which is below the water level in all units of the plant. nSbetion 
and discharge pipes are carried i in a pipe gallery between the final clarification — 


There w will be four sludge digestion tanks, each 7 5 ft. in diameter, and 25 ft. a 
in area. ~The installation will be as follows: mitent 
ibs pumping station 30 by 75 ft. in dimension. All pumps will be installed on the © 
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‘treated ‘eftuent the will tied present earth 

- channel which carries the sewage to Mitchell’s Lake. © From this lake, th 
vater will either flow into the | Medina and San Antonio Rivers, or may “2 
ised for There is a possibility that an irrigation district will 


‘Declaring that the plant is unique in that its 
as ‘regards construction, features, Mr. Helland described its loca- 


i=] 


flume. The tion floor of the valley is such that 
no excavation will be required for constructing ‘the aeration tanks. — 
g maximum ‘depth of excavation which will be necessary for the digestors, will 4 
be 15 ft. The plant is very compact, , there being no waste of space between 
units: where unnecessary. The total area covered by the plant proper, 
exclusive of sludge lagoons, is 500 by 425 ft. The grit: chambers, screen 
_ house, and Venturi meter chamber are situated 300 to 500 ft. from the plant fig 
x proper for construction reasons, due to the topography of the ground. The — 
total loss of through. the plant i is less than 1 ft. The sludge digestion 
tanks furnish an unusual feature in design for the southern part of the 
— United States, in | that: they are equipped with heating coils for maintaining 
n optimum temperature ‘for digesting sludge. “Future extensions 
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ad psc ‘tanks, ‘sludge digestors, mechanical screen, and ‘the air compressors, 
were bought by the City for. $150 000. 


oF 


tions country. ‘Although ‘exes is the largest State in the Union, hav- 
ing an area of 266 000 sq. miles, its population in 1920 was only 18 persons 
2. per sq. mile. This may be compared with Illinois with a population of 115 per 
sq. mile, New York, 227, Ohio, 141, Massachusetts, 500, Pennsylvania, 192, and 
New Jersey, 383. In 1920, Texas had 30 cities with a ‘population greater ‘than 
10 Of these cities “half have ‘made 


units at this level aeration tanks. The locs 
would have el tended to allow the us ocation of = 
e otherwise have been required.” wer head pumps than 
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a improvements ‘to the sewage disposal works during the last ten years. Owing 
to the low density of population, the scattered cities, and climatic conditions, 
the development of sewage treatment works has been neglected to some extent in 
Texas. This condition, however, is rapidly changing. Cities that a few years 
ago discharged 1 raw sewage into the rivers, are now building modern treatment 


Popularity of Activated: Sludge ‘Treatment.—Fort Worth 


pitt De 


Imhoff tank sprinkling | plant i in 1924, which is now being, do ubled. in capacity. ; 
Modern activated sludge ‘plants: have been constructed in Waco, Houston, 


Amarillo, and San Marcos. The latter was one of the first activated . sludge 


plants constructed. in the United States (1916). For a number of 3 years fol- 


lowing 1917, in ‘Houston was the largest activated sludge. plant in 
rea of sewage treatment works in Texas” ‘remarked Mr. Nichols, 
is toward some form of activated sludge treatment for the larger cities. The 
ie - San Antonio sewage treatment plant, an activated sludge plant, will be unusual 
in several respects : First, the plant is designed to be flexible 
second, the plant is designed for separate sludge digestion, a a departure in 
Texas practice ; third, the initial cost of the plant per million gallons of sewage 
treated is extremely low; ; fourth, the plant is located and designed to permit 


of later additional capacity east of the plant now being built.” 


we 


_ “Flexibility and Capacity. —Due to the rapid increase in population | of 

Texas cities, and to possible: improvements in methods of treating sewage, one 
of the essential prerequisites of a treatment works is that : the plant be flexible. 
The | San Antonio plant is so designed that (1) all sewage may be by- = 


r (2) by- passed around any unit; (3) the time of aeration may be varied; 

the raw sewage may be aerated; (5) the activated sludge _may be 

2 -aerated ; (6) the detention period i in final clarifiers may be varied by using 
all or ‘part of ‘the tanks; (7) additional units may | be built later of 


mentioned by Mr. Helland will have a capacity, of 
eg "approximately 560 000 cu. ft. If this is added | to the 395 000: cu. ft. volume 


4 found for the four 75- ft. digestion tanks, - the capacity is 2. 3 cu. ft ft. per capita, 
4 cu. ft. of solids day. These are low, admitted Mr. 


“Tt will be interesting observe the results obtained in 

ig separate sludge digestion tanks. The flexibility of the plant will permit of 
: additional digestion tanks should they be required. Due to the location of the 
_ ~plant, no immediate complaint can result from lagooning the digested sludge. 
os “The effluent to” ‘the final clarifier tanks is ‘brought i in through a 42-1 -in. 
pipe at the center of” the tank. ‘Around the pipe is se t a wooden baffle | 

_ suspended from the truss. ‘It is believed that this radial flow outward to the 
C: adjustable weirs around the rim of the tank will provide a more uniform flow 
is ordinarily obtained with a straight flowing of the sewage. 


ing the aeration channels has been omitted. This chitin will be approxi- 
mately 40 ft. wide. Filtros plates are installed at the anaes on both — 
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is believed that it will be possible to produce piral 
flow in both ‘dissotions: from this low wall. If such is found practicable, con- _ 


siderable’ saving can be effected by the elimination of the separating wall.” 


will | ‘cost approximately $900 000. On the basis 


30 000 000 gal. per day, the cost per 1000 000. gal. 
0.000. This is the usual cost plar 
haracter. 


Samuel A. Greeley, Am. Soc. C. ‘commented on the omission o 


f 
the central wall, thus: providing. a tank 40 ft. wide instead of 20 


“One of jo units of one of die recently completed. North Side tanks in 


Chicas, was built 35 ft. wide, the tank being 15 ft. deep. This unit has been 
in ‘operation more or less regularly since October, 1928, and while operating __ 
results are not extensive enough to permit speaking with any finality, never- 


theless the results as measured by the nitrate and oxygen demand appear to be 


s compared to reduction with the same sewage in tanks 

and | other studies au nit. of the New York 
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YHL. THACKWELL,* ssoc. M. Am. Soo. 


Local Conditions —Geographically, East Texas has an area about the size 
of the State of Illinois, with a modera ately d 


ense well- -scattered population. 
According to Mr. Thackwell, it 


as a 


definite ‘sanitary problem to face in 1 regard | to sewage disposal 
ge from + 14 to Fahr. ranges from 
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ENGINEERING 1 


r The streams, 
the muddy forested banks. retreating in dry to tortuous 
channels. Oxygen | deprivation in polluted streams during t the hot. dry summer 
months hes. caused nuisance in populated areas. inhabitants, ok 
formerly accustomed to inconveniences, including the lack of proper ‘sewage 
works, have, through gradual financial | betterment, demanded ‘modern con- 


"Citizens of this region have been educated from the septic. tank and, 
the ‘semi- odorless type of ‘sewage works, “including more be “less com- 
plete treatment. In most eases the rate of taxation is is Jimited by 
charters, and the result: has been | ‘a lack of st 


build plants that are ‘completely satisfactory. In 


"designer met ‘the physical. conditions and, at the same tins 
“Types of Sewage Plants.- —General types of plants encountered, me 
tioned by Mr. Thackwell, “range from simple Imhoff tanks to complete ee 
of various units, including ‘Separate sludge digestion, de-gasification with 
_ heating, glass-covered sludge beds, contact aerators, trickling filters, humus 
tanks, Dunbar beds, final aerators, pre- and final chlorinators, ete. 
sary In order to economize, the structures have been made with thin 
reinforced to satisfy actual stresses. No money is usually spent on -construct- 


ing “monumental works. ‘Structures, however, are not flimsy, but are sub- 


Separate sludge "digestion,  de-gasification, partial ‘pressure 
¥ ah ‘reaction treatment, dosing of sludge, decantation, air agitation, heating, and © 


glass” covering have | been adopted various plants. found, for 


Ae ‘instance, according to Mr. Thackwell, that it was not - necessary to use heat 


except: during September and J anuary. ‘He continued: 


“Open air beds are popular in connection with Imhoff tanks, 


* 


Decanted 
Tiguor from sewage beds is filtered through sand. Settling tanks" which are 
efficient i in removing solids to separate sludge tanks, are usually | hand- -operated 
without mechanical appliances other than valves “and. sluice- -gates. ‘Contact. 
x aerators, as used at Jacksonville, are adaptable for partial Sone and add j 
materially to the flexibility of any plant having other units. __ pt ae ha of 
“Trickling- filters are more or less of the conventional type, although 
pl dosing tanks, infiltration tunnels, channel- -sluicing devices, and t banked 
sprays, have been used with success. Dosing tanks are usually single, operated 


having a rate scum-removing rell a as a 
housed pumping station which enables digested humus to be pumped either 

£, to sludge beds or lagoons without consequent fly breeding or other nuisance, 
és have been operated successfully at Jacksonville. Activated sludge plants have > 

been designed, but not recently built. — Laundry wastes at Jacksonville are 


be treated in a small activated sludge followed by sand filters.” 


Handic caps. —One influence: ‘that continually works against the feasibility 
of adopting ‘the “most "modern ‘equipment, Mr. kwell remarked, 
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doy, plants requiring chemical adjustments or mechan- 
cal control have added to the cost and difficulties of operation. The 
nost serious drawback to East Texas disposal | works is the difficulty in obtain- 
ing intelligent and effective operators. ae Generally speaking, efficient operation ae 
lags” well behind advances in design and, as a consequence, the designing» 


engineer has to curb his desires, planning rather for direct and simple opera- ea 4 
tion than n for the theoretical ideal which would fall hopelessly below the ae 


standard, due to general neglect by the too frequently just 


In addition, the in many communities is a_ 

“Cities are chronically in a financially low status. Cold weather, with 

nfiltration of ground-waters, together with increases of stream diluting water, 


has s been the chief factor dm the prevention of lawsuits. — Injunctions and — 


oo are most common in July and August, and during September con- 


ditions have generally improved to such an extent that promises for i improv 
ments are usually sufficient to prevent 

For an efficient control of odor i 


least 1 500 ft. from ‘the nearest house ona a of Neil at baat 10 acres i 
urther, Mr. Thackwell thinks: s that, 


ettled effluent given a partial oxydizing treatment by contact aerators ee 
coarse-grained filters, ‘this effluent then being treated by continuous feeding 
on Dunbar beds arranged in three units. Final aeration | ‘and chlorination — 


Be “Such treatment will leave no “indication of polluting organisms in . the 
stream below the plant, and freedom from pollution, together with the absence | 


of odors and fly breeding, will be the practical test of a good plant. eel 


‘OTHER EXPERIENCES 
By H. N. operts,* M. Am. Soc. C. E. te 


Operation. —The area under consideration could boast 


operators, and constant | ‘careful supervision of the a 
by the State Sanitary Engineer: 


sowage di 
is a s the Public Square, , then it would get some attention aon be. kept o ae 


Roberts “recommended that the designing engineer 


increase his fee to include the cost of several months expert supervision of the 
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“The, present is andeod’ most is spen 


on a plant. Then the plant is promptly forgotten; ‘until it becomes such a 
nuisance that a lawsuit is quite often the ‘result. Upon investigation it is” 


found that the plant has been so that it 


‘the practice of ‘installing, the very of plant that will, 


. In West Texas, which has an average ‘annual rain- 


cen ‘of the sandy loam soil to establish systems: 


a which ‘the settled sewage is us used for the irrigation of ‘crops. In 1926, the 


City of Lubbock began to apply. settled sewage to 88 acres of land outside the 4 


_“Crops.—The crops raised are as follows: e 


Popeorn 


Very 


With no losses, the daily flow was | equivalent to ‘4.7 in. per month on the 
cultivated land. | With 40% evaporation loss and seepage, , there would be left. 
8 in. per month | going to the crops. — Adding to this the amount. of rainfall 


and deducting evaporation from the soil” and transpiration, the net residual 

moisture is 3 in. going into the soil each month. 
“Experience at Lubbock has indicated, ” Mr. Roberts stated, “that conditions 


; = and results would be better if this residual to the soil were about one-half this. 
This would mean that 1 acre of this land would take care of 2200 gal. of © 

“A thorough inspection of the not been rrade recently, but it is 
understood that after three years’ operation it is operating successfully, with- 
out nate 1 no in the soil from its original con 
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Chemi cal Dis ntegration of Stone. Veatch, M 


inquired to the and mechanical theo 


that he the adopted theory that sulfates i in water ‘will laine 


a tendency, to develop hydrogen, sulfide g gas. In his experience, wpe 


“This, gas,. especially when. sprayed out sprinkling filter : sprays, has had 


i _ the effect of ieee concrete in a number of installations I have exam 


IT have found that the use of various: paints 


Tannese,” Assoc. Am. Soc. E. 5. potent 


A Diffic cult Prob “ee. scope of this paper covered the original cost of me 


_ construction, and the maintenance and operation of the collection as well as 
of ‘the disposal systems. To arrive at an distribution, to 


poer facilities are cat to share in the cost, ‘not oa of new construction, — 
but also of maintenance and operation of both collection and disposal system ib 
Others, who are satisfactorily served, have paid i in ad valorem taxes, far more 


than their just share, in order to increase the size of the disposal plant, or to 


‘ 
4 
: ae present lines, when these increases and extensions did not directly or 


In considering the distribution of “costs of and 


j ‘Tanner continued, both the quantity of sewage and the degree 0 of | its ipelintion 1 


"zation of sanitary sewer districts and the Legislature has recently ati 


‘Enabling Act for the formation of such districts in Texas. 


Describing briefly the means by which these districts Mr 


ail 


ait 


: “After ‘the bepenibttion id a distri has been approved, construction of the 


collection system should be financed on a basis of assessments of benefits an 
- dameijes. - ‘This permits equitable consideration of existing collection systems 
within: the proposed district, which is impossible when extensions are financed 


y the old ad valorem tax method.” tot 


New Method of. Distribution.— ibed. in detail hi his own solutio 


Scr ae 


for equitable distribution of. costs. flow. chart for a certain. line of sewers 
"indicates the, varying discharges, throughout the. twenty- -four. hours. From 


this, the minimum flow, which occurs in the hours, gives the 


San. Sewer Dept _ City of Dallas, Dallas, Tex. 
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| ; the past, funds for maintenance and operation of the collection _ 
+ - disposal system in Dallas have been provided by an ad valorem tax. This 1s — 
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Bee averaging the fractions found for the number of units contributing to ‘the 


an: Sim ilar charts 


On each line an enumeration is made of the various sanitary’ eitataa’’ The 
rates for each fixture | are given an algebraic symbol so that on each line’ an } 
We 


equation may be made up involving the infiltration plus the unknown amounts 
‘fee! the types of fixtures and equalling’ the flow: on 1 that particular line: Using 1 


01 ng, gives. the required rates. 
imilar method is used to determine the degree of impurity or each h of 


“the fixtures or example, by applying the rates already the total 
aS flow for each type is known on a given line. The . equation then consists of i 
summation of productions obtained: by multiplying the flow and the dlsebrnic 


treatment for the unknown bio-chemical oxygen demand rate, the whole 


mation being equal ‘to ‘the chemical oxygen demand for that 


line, i in parts per million. Thus, the bio- chemical for 
type of fixtures i is obtained. 


i 
‘The presentation of costs to be charged for the various. fixtures i is obtained © 


system, ‘and the relative bio- chemical oxygen demand for each type. wal 


Subdivision of Costs.—The application of these results, as described by Mr. = 


_ Tanner, consisted in fixing for each item of cost—whether collection gystem 


or disposal system—a logical allocation of the expenses according to: the rea- 


use and. purpose. For example, the maintenance of the 
is subdivided solely on the basis of T hus, the reasonable 
: tO 


COST OF MAINTENANCE AND OPERATION 
By R.G. Assoc. M. Am . Soc. C. 


pew. 


reasons all civic organizations of Dallas Omnty, Toss, should 
support | the Act pending in the State Legislature permitting the formation of : 
sanitary districts. He Stated that ‘Michigan, Ohio, ‘Wisconsin, ‘Minnesota, 

Illinois, Missonri, California, and New. J ersey, and possibly other States, have 


already passed similar legislation. Briefly, the reasons given: are, as follows 


—Increased valuation sections of a city, ‘due to 


“facilities for connecting with the city sewage system. 


9—The effect of restoring the original beauty. of the ‘Trinity J River. 
; Increase in the health of the City of Dallas and its environment. <x Pn 4 
— Advantages to smaller towns and cities near Dallas, in 


them 
solve ‘similar Droblems* within their means. 
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Be Encouragement of closer ‘endl more care 


6.—Aiding the plan for making ‘the Trinity River navigable. 


4 1.—The psychology of the improvements on the people of other cities simi- “74 


datelopment. of of the -good- will of other cities on the Trinity River 


‘9.—Facilitating extension of sewerage service to adjacent ‘great industrial 


areas in the Trinity River bottoms, which areas cannot now be serviced except 


at a terrific cost to the city* proper, or to individuals desiring to develop ‘then 


+. -—Encouraging development of parks, driveways, boulevards, ‘swimming, 


fishing, and boating places, and jie wation of additional lakes along ‘the : river Bs 


—No other available method of providing sanitary protection for adja- 


The old saying of Benjamin Franklin regarding hanging t together 
ont 12. —Permitting the distri to build, » Say, 50 ft. of line for one connection, 


ata charge of , Say, $25 per connection, will enable real estate men to. develop 
‘ worthy. projects, while making it unnecessary for the district to hazard « ex 


sive systems for uncertain profits: ini * Joe 40 Jom ig 


13. —Present system intercepters to be built at. cost 


= 


to owners d adjacent to, Greater Dallas that 


future requirements will be met at once, when 1 needed. 
Uniform instead of variable rates for adjacent “communities. 


—Constant employment to construction: industries. op to wit 


Ae 18. —Benefits to material ‘iiten and contractors because of increased demand 


19 9.—Avoidance 0 of unnecessary duplication of work, In 1917, vepters, 


pump, and disposal plant were built, which are now inadequate. 
 20.—A stimulus to sanitary organization in other communities, odie to 


21. Advantage State Board of Health, enabling it to handle similar 


—Appeal to business men in of living, conditions and 
23.—A logical continuation of the growth of sanitation. At first, ‘proper 
sanitation i in the home was the most important—then, sanitation of  neighbor-- 
hoods, communities, and cities proper. Now, proper sanitation of metropolitan 
“io 24. ‘aby the 8 eH of paved roads and the education of the p ublic as to 


nty of f fresh air ‘eradually 
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extensions are to ‘sparsely ‘settled districts, but to idistricts: which may at some 
become | congested. unfair to expect the city proper to. these 


‘As to the last and patti 


permit the issuance of donde adequately financed land? 
as posal ‘systems. _ These bonds will be retired out of revenue as in the case of Jong 


Grunsky, Past-President, Am. Soc. CE, .. stated that it illustrated very we 
By the present- -day tendency of making ‘the charge for service ‘proportional to the 


-Berviee rendered. He felt that, in “this respect, engineers "were frequently 


wastrt 


ee “A sanitary district should’ really be formed for the purpose of providing q 


_ proper collecting and disposal works and the detail of the bringing of the 
_ sewage itself to the collecting works might be left to the local communities. «& 

Engineers must not forget ‘ “that, every utility which ii is 


_ to every | piece of property in the community, and even those who do not get 
service should assist in paying not only for the installation, but also in some 


measure for operation.” Grunsky felt that if the principle by 


author i is carried t too far, ‘it may discourage some industries. 


air Apportionment.— —Samuel A. -Greel ey, M. Am. Soe. , suggested 4 
that industries might possibly be separated in 1 classes. In one case: he Fy 


recalled this question \ was referred to an attorney -of the District. This attorney, - 
ath went éo far in his opinion as to say that not only was it ‘the right 


and duty of the community to charge for the load, or service rendered, but if 
‘eo it did not do that it was discriminating against certain industries. within its 


aye limits. * * * I have in ‘mind one place where two industries haye about the | 
; same assessed valuation with about the same payroll, each having a world- oy 
to distribute, one with the domestic as from 1 000° 


“industries and those interested to consider 


Assistance from Industries. — 


who ‘approved the ‘content of the | ‘paper in general : 
iota the cost can | be apportioned in some fair and ‘equitable n man 


or cut down to some extent amount and strength of pollution which 


Similar Problems in East Texas.—Mr. Thackwell declared that Eastern 


» same amount for each connection. 


> >» 
j- moving from the old congested areas of the cities to adioining 
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“As the 


advancing and is putting a considerable load upon the op - vee plants in the — 
various towns in East Texas. For instance, the creamery waste at Marshall 
isacase. *— ae * We found that the washings from that plant were probably — © 
putting a very heavy load on the system and the charge to that. plant was 
exactly » the same as to anybody else in town. The laundry at Jacksonville has — 
long been a source of nuisance. It has been ne its wi vaste directly into 


In financing sewage systems in various small in East t Texas, it 
was felt that many people were unable to. pay for individual connections. 
“Accordingly, “the city ‘officials decided it was better to charge a 
Laem rate to each individual user. Further, Mr. Thackwell ‘stated, 


ae “AL  Suckaianite, the laundry distin its power from a boiler and they use 


eign sawdust and the waste lumber that is at hand. Consequently, its power ea 
bill is very cheap. The owners have agreed to connect by belting up to a 
rotary fan and using a small activated sludge -plant—they to pay for the plant 
and its operation, and we expect only partial purification. The city will take 


the large liquid load and handle it from that point on at the old charge. 


Experiences Elsewhere—In connection with the plans 1s. at Grand Rapids, 
M ich., the ] Engineers Club bf that city, according to George M. Ames, ‘Assoc. — r 


M. Am. Soc. Cc. E. that the cost of operation of the sewage 


disposal plant be assessed upon the users ; that the city bonds be used to con- ie. 


struct the | ‘sewer system; and thus that the ‘plant be paid for as the general 


tional charge of eens per 100 cu. ft. for the serv ht 

ts approving the contents of Mr. Tanner’s paper on 


“Mr. Tanner might have carried his analogy with reference to the public _ ’ 
water supply just a little farther * * *. Whereas, the water supply protects | re 
public property from fire, the sewerage system protects the general public cual 4 i 


city at large ag sainst ‘disease and against nuisance.” 


Commenting on the question of disintegration of stone, A. Goldbeck 
Assoc. M. Am. Soc. E. called attention to a so-called soundness" test, in 


which rock is immersed in a solution of ‘sodium sulfate for 20 hours. _ Then, 


after 40 hours, the process is repeated, and it has been proved that rocks, will - 
disintegrate | as. a result. of that test. The action is mechanical rather than 
chemical, ‘being due to the growth of crystals of sodium sulfate within the 
pores. — In Mr. Greeley’ s opinion, this will no doubt serve to explain the disin-— 


Calling attention to the disadvantages of assessing sewage costs on water- 


‘meter r readings, Mr. Elrod, of D Dallas, pointed to the fact that there were a 
‘number of private wells that supply | water to: various large buildings and some 
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* 


opening the meeting the City Planning Division, 


4 
if Division, 9 an as, he intra 


sto, REFI ERENCE TO THE LARGER CITIE! 


Punetion of Consultant. —From the standpoint of experiences in 


but because needs ‘the group influent 
actions the plan will Tn 


“The is. just a lifeless, physical pretty 
ind i: picture, to be sure, but little more than a pretty picture, unless you find a 
pati way to put life and practicality into it. | This is. not the fault of the con- 
sultant. His work simply has to be supplemented by’ others who can supply 


fully selected working ‘committee of competent, public-spirited 


are willing to devote real time to the task. ” There should be a competent con- 
sultant to work with the. committee. During the formation period of the plan, 


committee should “hold numerous meetings, calling upon all 


ments, for data ‘and an exchange of views witty Xe fins 
te Ga “The plan will be made by the community itself, instead | of being i 


upon it by an outsider. * 


seize and hold the interest and iinginetion of the Seton but not too — 
_ big or ambitious for its financial resources. Thus, the plan should not stop 
with the city’s probable requirements for streets, storm sewers, sanitary sewers 
‘paving, sewage and garbage disposal, water supply and ‘distribution, air port, 
five department, transit facilities, and the like. It should also anticipate oS 
> city’s probable requirements for schools, parks, playgrounds, boulevards, 
"libraries, auditorium, community enters, Art Institute, and hospitals. 
‘ onl ed Wherever possible, the formulating committee should not be content 
with a a mere statement of a general objective, but should make its studies anc 
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‘i its report as concrete and explicit as circumstances permit, | b 
where it can, the actual projects contemplated by the program, and giving an 
aS estimate of cost for each project. _ Thus, every citizen will be able to see 
and understand i in a yery, definite way just how the program may benefit him 
personally, and the interest, aroused by the asa whole will be wide- 


guide a ‘mandate for. the development of the city. One not to 
overlooked i is the legal. aspects to be overcome. | “Another is the consideration — 


Financial Aspects- —If henélits a project ettend 


in the cost. does -not. mean. that. the should be deferred 

_ future years. It may be regarded as sound financing to so arrange the schedule 

that a substantial proportion ‘of the cost from year to year can be paid | out 7. 
current revenue in the nature of a down- payment as the is done, or, in 


part, on what is ealled the you-go. plan’? 
entire program be legs ally authorized at once”, but. the q 


time obligation should be issued only as the work progresses, "The probable 


growth of of the city will influence the estimates of future taxable and 
t { 


future revenue The fixed | ‘should be | with 


— “You can present | to the taxpayer a comprehensive program which, over a 
period of years, will vastly broaden and improve all those economic, educa- 
tional, and cultural facilities. w ich a wholesome, organized ‘and well- 
balanced community should have, and, at. the same time, you can present 
to the taxpayer a perfectly definite, reliable, and comfortable plan of paying 
ok these improvements — without raising his taxes above the taxes commonly 


prevailing i in cities of similar sci! Daotent 


—So much for the creation and a adoption of the plan 


nd 
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iis as thier’ absorb 
— their interest. can counted to stand the tower? And 
if the alarm be sounded, who will answer it? 


“Obviously, the on its journey through the years, will find: itself 


“ae of greatly. augmented sums of public money. , Under such ‘condition 
voting of the program may well become a calamity.” 
i Dallas Plan. The measures taken to insure the Puss 
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1929. ] CITY PLANNING DIVISION 
| 
1. of average annual ‘expenditure by. charter amendmen 
_ 2—Charter amendment to force the _governing body to secure in 
writing the advice of the City Plan Commission before begin- 
No bond money to be spent on any particular project watt th 
general city plan for such character of projects has been pre- 
a oe pared in advance by competent talent, with the advice of the 
Organization of a Committee on Supervision of 
having no official or political allegiance, to work i in conjunction 


Political Pitfalls.— —Referring at some to. the natural difficulties and 


under which ity, plan committee 


“Such a committee encounter ‘some officials who resent pre om 


any one except political bed-fellows of their own choosing. It will encounter 

other officials who will not believe that it desires merely to be friendly. and 
helpful. will encounter still other officials who will regard the _very 
existence. of the committee as an affront to them and its activities as an 

unwarranted intermeddling with their prerogatives. It will be charged with 

trying. Tun the city, government a and knowing nothing about 


The dangers ate ‘serious during times of political controversy, when, 


for instance, opponents may bring up issues that arose out of close decisions i? 


¥ on 1 the part. of the committee. . This has been the case in Dallas, Mr, Weisberg — 
declared, b but the | mere existence of the Committee has no doubt been a eal Be 


deterrent against evils that might otherwise have been encountered. 
Public Approval. —The ultimate however, of any advisory com-_ 


mittee of this character is yet to be tested. Whether it shall finally” be 
- overcome by the influences which will always be operating against it is yet 
: to be determined. ~ Only one thing is certain. The value which the public : 
will get out of it must depend upon the value which the public attaches to it 
= a firm and wholesome public opinion enforces a bona fide use of the com- 
mittee and protects it against political tampering with its personnel, it can 
perform ‘a useful service. Otherwise, the kind of men who should compose 
_ such a committee are not likely. to continue sacrificing their time i 
_ charge in a service the public does not desire. In this, as in all public busi- 
ness, the public will get what it really exacts. | More it has no right to expect 


CO- ORDINATING COMMITTEE OF ENGINEERS 


e pias ‘authorized to date 


the plan adopted by the City of outlined by Mr. Rollins, 

Sn December, 1927, the City of Dallas voted a ‘bond issue of 


$23 900 000 for recommended under, the ‘plan. 
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$6 500 000 for levees along the Trinity River. 


ea April, 1928, the County of Dallas voted $6 950 000 for highways _ ’ 


“aS eS 2 and boulevards around Dallas, and for new viaducts across ah 


4.—Th ed additional funds | for determining a re 
“ha, cation | of the railroads” so as to fit the me. for the ultimate 
oe a of the work thus outlined, including the construction under Passes 


r grade separation at railroad crossings, was recommended in the “Ulrick- 
son plan” that ‘preceded the present ones. The diversity of interest. repre- 
: “sented i in the expenditure of these various funds made it seem essential that — 
co-ordinating agency be -establi shed. Accordingly, the Commissioners 
and Supervisors of the City and County : and the Levee Improvement ies 


—In April, 1998, the City County of Dallas Distric voted q 


decided to create what is ‘now known as the Co- -Ordinating Committee of 


Engineers Co- Operate. Commenting on the accomplishments of. this 


| So far, the Committee has been able to do much in the way of harmoniz- 
3 ing the work under way, such as determining the proper location of viaducts, 


providing room for future track relocation, studying drainage problems, sug- ; 


gesting time for various phases of construction so there will be no unnecessary 
conflict on work, and in planning the program of work to be done. The gov- 
rning bodies have welcomed all suggestions made by the Committee and 


have expressed an appreciation to the Committee for its recommendations. q 


Pere. is remarkable, in passing, that this Committee of Engineers, repre- q 


senting as it does different interests, has by frank and free discussion been — 
AG able to iron out all ‘differences of opinion and arrive at a unanimous one , 

sath He commended ‘the ‘idea ea of such co- -ordinating. committees, to 


7 


OTHER DETAILS OF CITY: FROGEAMS, 


—Outlining briefly the various steps in the | ’ 

‘ae Dallas City Plan, Mr. Powell represented 


the ‘City Plan Commission, of which he is Chairman. Swatch, tote 


‘The 1 first concerted effort was in 1911. . Many of the features of ‘the present 


aie were also a, part of the ‘plan of twenty years ago; but, said Mr. Powell, 


‘Dallas had plenty of plan little organization for its execution. 


- Desultory progress was made from time to time, and one outstanding accom- 
- a plishment is of record, that being the removal of the main line and switching 
ey. facilities of a transcontinental railroad from the business « ‘district of the city — 
se and the conversion of its right of. way into a broad thoroughfare, now one of 


The Metro olitan Develo ment Association was or anized in 192 0. It 

P 


was. of nearly all the civil organizations chief « engi- 
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neer was retained, under whose ' very complete zoning maps” 
ordinances were prepared. / An adverse decision of the State Supreme Court 


* made it impracticable to proceed with the zoning and further efforts were made ; 
le newly created City Plan Commission, retaining ‘the same chief 


_ Final Sueceee —In 192 5, a joint committee was appointed by the Mayo 


for the purpose of preparing a program of public improvements, including a 

and legal machinery to make it possible. The result 

as “a ‘Most, comprehensive ‘report, covering; al all phases of civic -developm ent 

—_— setting up a schedule of public improvements to be executed over a . period — 
of nine years. ‘The report also included a detailed analysis" of the effect of 


the proposed expenditures on the tax rate for each | year of the period.” i In sg 
time, the a a bond issue to insure 


along the ‘Trinity River and the bond i issue authorized by the 
County for road improvements. projects are more or less related 


the Dallas program and together they form Seance aut the nature of a 


He emphasized the fact that experience at Dallas has shown, > W 
importance of t yorough preparation and | “organization for the execu- 

tion of a city plan as a part of the plan itself. — - The carrying out of a city 
is everybody’ s business, unless controlled by a carefully prepared 
- schedule of work based on a practicable financial program, it is not likely tc go 
_ forward with satisfactory progress” 


J. ‘Johnston, Am. Soe. C. as to the details of 
on decision of the, State 


ean be carried out is an Enabling Act passed 


by the Texas Legislature, under which Dallas 1 now has a new zoning ordinance 
which is about to go into effect. ant 


B.A. Woon? Aw S00. 


A General Program. —The National Conference on City: Planning has 


d each American m municipality to do three things: 
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1— Provide. a City 


2.—Prepare and adopt a a city plan. 
—Secure public ‘support for the administration of. 


program. thus outlined is general ‘enough, aceording to Mr. 
to apply to municipalities of any size, location, or The difference 


— lies in the fact that, for the larger cities, any, amount, of corrective ‘aeetine 
s the relative cost. _ Therefore, to prepare a plan. for a small town before | ¥ 


t has grown extensively, is by far the most economical practice: hee 
“If the official plan is prepared advance of city growth, its 


Me. 
"conditions outlined “A Standard City ‘Planning Enabling Act”, 


by the U. Department of Commerce. olf} To 
Personnel —Specificall y, he suggested that: Sod oul! 


membership of the Planning should be carefully selected 
and should be composed of outstanding citizens who can devote | a considerable — 
- amount of time to the study of physical conditions on the ground as well as to. 7 
the numerous meetings that will be required with different groups of indi-_ -_ 
; viduals, . The membership should be varied and if the plan is to be compre- j 
oo hensive and include all phases of city life, the public schools, park board, 
- women’s clubs, Chamber of Commerce, and retail merchants" should be repre- 4 
sented along with other to 
Siclag “Representatives from the City Government should be limited to a member _ 
of the Council and the City Engineer. The former should act as a liaison 
agent between the Council and the Planning Commission, and the latter is 
entitled to membership by virtue of his office. He is ‘also charged with ‘the: 
execution of the plan and to some extent with the enforcement of the Com- 
-mission’s rules and regulations. The Mayor and City Attorney should be 


members ex officio, the Mayor by virtue of being the head of the Council, — 
and the City Attorney by reason o of his Jegal training.” 


uilding Lines-—The creation of public ‘interest. is is an important factor 


i a 

a and this is easier in a smaller city because there is an narrower range o 4 


An early enactment of the platting rules is very desirable because of the 

S failure of individual land owners to co-ordinate their subdivisions with exist- — 
_ ing streets, alleys, and blocks. This is not due so much to willful neglect as 
to the lack of foresight and the absence of a Master Plan to serve as a guide. 
-Co- ordination of all plans i is the outstanding feature of a Master Plans"; 


Ass Zoning and building line restrictions are also ‘important « details that shoul 


be established in the necessary laws before the actual work of construction 


“The « establishment of building lines ix residential districts a 
, os to the privacy of homes, decreases the dust nuisance, decreases the noise from Sf 
_~passing traffic, and encourages home beautification through the planting of 
grass, trees, flowers, and shrubs. They decrease the accident hazard to 
children by providing suitable playgrounds on every” lot. They also permit 
vision clearance for traffic at street intersections.” ty 
Natural Development —The plan should include provision for play- 
and parks of the plan: 
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city. ife property itself along economic 
lines and follows certain | economic laws. Industries and warehouses are estab. 
4 lished along the tailways, while the banks, hotels, and stores form a group 
around the public square. Beyond the stores are the homes of the people. iy 
_ Zoning follows these same laws and prohibits the intermingling of industry, 
commerce, and dwellings. Homes may be built in commercial industrial 
districts, but commerce or industry invade home| districts, nor can 


“Once the character of the various sections of city is established by: 
‘zoning, the street plan, the park, boulevard and playground system, the school | 
locations, and the civic center can be designed and laid out as an integral | 
part of ‘the Master Plan which gives the picture of the future city. Of © 

; course, it will need to be expanded from time to time and even agar 
or changed. _ Nor will the work of the City Plan Commission ever be finished, _ 
will continue from one year to the next, providing plans" advance of 


DISCUSSION | 


Le STARKIE,” Am. Soo. C. E. 


The me essential diffdxence between planning for larger. cities and smaller 
nes was in extent, agreed Mr. Starkie. Fortunately for the science of city 
anning ‘in America, municipalities ¢ do not progress very far without a pre- oF 


_— arranged plan, before public consciousness is awakened, first to the need of 


corrective measures and then to the larger needs’ of "improvements for future 


situations. . This is a good influence because it does m much to create the 


Grade Crossings.— —There are some planning problems peculiar to. 


cities. For instance, ‘thought ‘Mr. Starkie, ovat ov bus a2 


“There is more of a tendency to impose upon the engineer for his incor- — 
_ poration in the plan, ideas allegedly advanced for the alleviati on of existing 
faults, but with no outlook on the future. — Many merchants in our smaller — 
dite regard a traffic congestion as a sure sign of progress and to be preferred. 
Fortunately, however, our Texas highway engineers independently of city — 
planners, or co- operating with them (almost universally against strong pres 
sure), are insisting upon highway locations from a broader viewpoint so 

to by-pass through traffic around congested ‘population centers, and id 


| grade ¢ crossings wherever possible.” 


‘elimination of ‘railroad interference with trafic on is 


an important part of city planning programs. © As compared with the shintbiie:s: 

of grade crossings eliminated, the of new grade 

ad® ‘So the City Plan Engineer np railroad crossing 

separation, which he proposes, the closing | of one or more existing grade cross- ine 
ings of the railroad, serve, humanity im general as 
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d be to tear down 
at once all undesirable , but to create ‘suc 


picture of t the whole situation that changes | can be made from time to eal as : | 


Pet 


\ city plan once a adopted sh uld ‘belli in operation perpetually (subject 
sick modifications as changing conditions demand) and the accomplishment 2 
a of its objectives made the matter of a gradual process with its complete 
: realization possibly never fully attained. — Our thrifty railroads are continually 
ss _ changing their standards of various physical properties, but the new facilities 
“are, except in the rarest of instances, not installed until the old ones have a 
completed their useful service life” or unusual economic conditions warrant 


CITY PLANNING IN SMALL CITIES) das! 


A sid city, according, to Mr. Koch’s definition, is one having i population n 


of differences in could be cities between 
100 000 and 200 000 inhabitants and great metropolitan, 
Predicting Needs. small city the first step is to take an inventory 


The! next step is to predict the future needs by study- — 
ing the past ‘GE growth. Mr. Koch especially belie 


ik, « prox 
“That city planning should be at least 90% preventive 10% ‘corrective. 


om _ The accuracy with which this prediction is made will determine, to a great 
extent, the ultimate value of that city plans 
relatively easier to make such predictions in! the large” cities on 
~ account: of having available more definite records and tendencies of growth 3 
‘upon which to base predictions. In the small cities this particular information 
i ae is somewhat limited and we have, as it were, a shorter base line from which q : 
’ _ to project and predict as to the future tendencies. In the large, more estab- 7 
- lished cities, the trend of growth and type of development is more: firmly 
established and character more permanently fixed.” d 


instance, a small city” “may be supported | primarily educational 
‘institutions, very satisfactory plan may be developed on. the basis of these 
conditions ‘only be. entirely overthrown, if in subsequent years: large 


have to decide were worth while to Plan for such in ‘the 


re as seriot 


is in the city’ sigrowth and tries to 
too conservative in planning for the immediate future only, in order to hold 
- down cost, he will not be securing the full measure of benefit to be — : 


a from city planning. . On the other hand, if he is too optimistic and plans for 
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©The excess cost of the superfluous facilities, the overhead carrying. charges, 
and the maintenance of the same capitalized over a number of years would very 
ries readily exceed what the cost would be with a more conservative plan, even if ; 
the additienal corrective measures had to be taken after a period of years. It 
is this choosing of the. happy. combinations _ that will determine . 


parative value which any city plan may ‘develop. ind 


_ Provisions _for ii and other recreational facilities can be made much 


In the smaller cities, on the other hand, the probable first cost. per capita 


wit be. an deterrent against planning too far in the future. 


ossibility of providing transitional property are can. be changed 


as a major, ‘operation. 1 ‘pont: Mr Koch states, 


i in this field was developed in order to relieve such conditions. It is these — 

; ae obvious ‘advantages and the favorable results which have been made possible ; 
a ~ through city planning. * * * The relief gained from these intolerable — 
a and acute conditions ‘hag encouraged the city planning principles to be applied ee 

_ to the preventive phase, and has. educated the public to the realization of the _ 

* eo great advantage of planning i in advance. This oy * #* * has been most aK) 

a intensive in the larger cities and the methods and ‘principles adopted were 
_ designed to suit conditions i in such cities. _ With the advantages thus favorably 
_ established wea move naturally is spreading into other cities as well” = 


~ 


i 
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“< 


_ purposes. A instance, according to Mr. ‘Star kie, on a certain railroad line 


_ there are a number of cities adopting city” plans, but the engineers in each city 


are using different symbols to. o indicate the same thing. Mr. ‘Wood replied - that 
methods of standardization ‘are now being developed in California, and 


also being gradually extended into. other sections ‘the country. = 
Morris Knowles, M. Am. Soe. ©. called attention to one plan,* 


although it has not been approved, | ‘many “suggestions that might 


for smaller communities. It contains _methods of sta andardizing 


eights of buildings, ‘designation of oceupancy in ots, ete. “Mr. Knowles con- 


curred it in the opinion of Mr. that the sity, Blan; 


= 


oOo 


4 bg Cit “Planning Quarterly, January, (1929. 


» 
oa 
ios 
ect 
nt 
| bit 
— 
er | 
y- 
ait 
| 
4 
| 
| 
— 
q 
4 
tives of the taxpayers in a town. It b ? recente 
e naturally the production 


of the community an is Mr. “Weisberg h to the city 
fathers and put in the vault, It is more to live because it has 


First, that i is, and the « arousing ‘afl 
_ est; second, the creation of the ‘Plan itself; and, third, the construction work — a 


OF 


involved in bringing the plan to fruition. Knowles especially 


attention to the fact that ‘communities of from 2000 or 3000: to 25 000 people 


is re- -planning, and, ‘consequently, it should me relatively Tess. expensive. 


I conceive it”, Mr. “the of planning is in 

the small communities of the country, which have still to grow and still to 

eome to their full ward can the mistakes of the 


Tn any ‘case, ple e-planning cannot be adjudged as s costly 


as the method of the city grow as ‘it will, | because latter 
‘continued changes, such as grade crossings, ‘improvements to prevent 


_ aceid dents at narrow street intersections, etc., will in the end require far more — 


money than the total co cost: of Master Plan» with its subsequent 


Chairman attention to ‘the number of _sky-scrapers 


their structures 80 
for street widening Bevels ing 


zone the tenth story that no one would desire 1 to build | higher than that 


a Municipalities in the Chicago Region n.—City planning i in the —— 
districts involves much of designing for smaller Cities. ‘The Chicago Region, 


instance, extends 150 miles from Chicago, and, according Ww. W. 

DeBerard, M. Am. Soe. 0. E., embraces 3 ‘States, including 13 ‘counties. and 
1 000° “municipalities. The complexities involved the relation between 
these smaller entities and the larger cities have been brought about by | modern a 


__ transportation and communication facilities. The relation between the two 


as far as city planning As. concerned, must ‘be co- -ordinated. 


sy ystems, 


Commenting on the Committee. of Ordinated Engineers’ in Dallas, 


Weisberg closed the discussion on his paper by declaring that its ps: 
was a valuable contribution to the general ‘Problem, that ‘is, protecting the 


I think”, he stated, “it would be very hela, if there could be established, 


ment of group of who are in direct touch all these: projects 
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of. the paper on this program being unavoidably absen 


Chairman: J. B. Lippincott, designated F. Scobey, M. Am. Soe. to 
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read the prepared ‘Manuscript. we Yo vie 


By ‘Sr Tanacto Bancarart* 
OF 


rounded out his by a detailed of five large projects. 


opography A Affecting River Pl Flow.—Mexican_ topography, to 


Sr. Bancalari , may be conceived in the form. of ¢ a rough pyramid, with a ee 


triangular base, with “vertex in the ‘great mountainous part. of ‘the State 


of Oaxaca. — 


; toward the United | States. border, while the two sides toward the Pacific 


Bev ely steep. | The result as it effects the action of Mexican rivers, i 
of most. of the ‘Tivers through the alluvial soils in the 


-Jowlands: is marked’ by : a searcity of flow during low rainfall, abundant flow 
: & uring the rainy season, and, in a few regions, an occasional case of concen- 
trated flow due to melting of snow. In brief, the rivers are: swift. because 


of the: steep ‘sections. the alluvial lowland valleys, 


Ocean and the Gulf of Mexico, _ respectively, have grades that are compara: 


reach the various or where ‘they the 
fluids ‘meeting a great mass of water, such as the ocean. ‘Some of the 


‘streams end in water is slowly evaporated, 
"marshes which are for agricultural Baik dy 
aes... Sr. Bancalari explained, ‘the irregularity of flow, ‘especially ‘the t 
-— pential flow of rivers during rainy seasons, makes it necessary as as a fundamental 


oO 

an outline of the "R@trvities or Ca. overnment in 
t to meet the irrigation problems of that Republic, Sr. Bancalari 
He 

j 

— 
rc. Be 

 @ 

4 
— 

| 

— 
exican engineers, during the past five years, have g 1 Spec atte bay 


“the flow characteristics of the H Sates River. 
Was scarce; in two, it was plentiful; and, in 
maximum and minimum during the year 
orks] Other streams seem to. be subject ‘more or less to the same sochalaid flow 
characteristics, and it is th this that. makes s) bream regulation an indi pensable 
0 of ¢ any program of hydraulic importance in Mexico. 
State Policy. —According to Sr. Banealari, of the Mexican 
Government since 1910 has been to es establish large public works of this nature 
under conditions such that the money ‘expended would s serve ‘the greates 4 
ey ee a large number of relatively small land holders, rather than one 


i land holder. if, Private land owners have been unwilling to invest the i 


-e7 


sums necessary for works of this kind without receiving ‘the "protection of 
_ the Government on the capital thus” invested, and the need of immediate 


financial returns | to the individual owner under those 
‘to create large land holdings by a few, to ‘the detriment 
Asa result, according to Sr. Bancalari, 
“Such conditions made the Metican State vealitie for 
the most convenient agricultural use of water from our rivers, should not be 
left to the direction or patrimony of capitalists or of private irrigation enter- 
‘prises, but that their control and operation should be regarded openly as a 
public function performed by the State, so they could have all protection and — 


care, not moved by selfish motives, but by the lofty and patriotic purpose of a 


_ helping 1 the great majority of people by. the investment of public funds.’ a 
In ‘other words, the Mexican ‘Government does not look with faivew: on the 


_ tendeney of large interests: to consolidate. oles remains firm i in the belief that 3 
the greatest comes from the feeling among: a large | group of 


of the land on they work.” Sr. Bancalari to 4 


to give to our rural class the comforts that were totally unknown to them 
during the somewhat feudal régime inherited from the Spanish colony and 
- which was still in existence, with Saal modifications or none whatever, | 2 


The National Irrigation Law under which present activities are being 
developed, was enacted in 1926, and in this very short period of time, five 
large projects: have been practically completed, opening to the benefits of irri- — 
gation an area. of. about 600 000 acres (250 hectares). Undoubtedly, ‘many 


errors: have been committed, it is also evident that the. Government has 


r 


work by the State on irrigation projects could have been 


installing irrigation works before. beginning any project. Unfortunately, 
according ‘to this authority, neither of these. practices was feasible, | because, 
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the rainfall was 33. 47 in! Almost 80% of ‘the annual rainfall occurs 


lated ; in the the money ‘involved v w have 
such project prohibitive. This. is the reason why the Mexican Government 
has directed its attention to the cultivation of privately ow ned lands under 


"provided the F ederal Government wherever. possible. If he cannot or will 
n; then the Government will irrigate the 

janlieden require the owner to pay his: share of the cost by forfeiting a part of _ 

“his land equivalent in value to the total cost of the work performed. — _ This 


land value is. fixed by considering the hectare cost of irrigating the ‘project 


Since the law has” been enforced, the National ‘Government has been very 


active: applying needed, “and the land 


q 


system, as 
taken by the National “Tnrigation Commission, was ‘in honor. of chet | 
“It is located in the State of Aguascalientes at a ae _ 

Bee int between the City. of Aguascalientes and the railroad station, La Punta. 


Ee extends northward to San Pedro Piedra Gorda, in the State of Zacatecas. He 


The waters that irrigate the State are collected from two main drainage 


basins. The ‘North Basin drains into the San. Pedro River ‘through the 
Pabellén, Santiago, and Chicaloté Rivers. The West Basin drains into’ the 
Calvillo: ‘River, through | the Tejas. and La Labor Rivers. The e topography i in 
the ‘State of Aguascalientes is in general very broken and rugged. The area’ 


ri. irrigated lies at an average elevation of 6 170 to 6 350 ft. above sea level. » The 3 


“a limate is typical « of that 1 in the upper valleys i in the Central Plateau, ‘and may « 


classified as temperate. ‘The temperature i is subject ‘to moderate changes 


in the period from une to September. . The spring showers) represent Bb 8% 


the yearly rainfall, and the winter rains, 6 per cent. Ih wintery’ however, 


low 

an 
ure 
est - general principle the condition that the owner 1s under obligation to irrigate 
me 
q 
nd 
r- 7 - Hence, irrigation in Mexico is not considered so much in the nature of a | 
Fight as it is a duty imposed on the land owner. th; 
a OU Sg There have been five projects inaugurated since 1926 that are now com- : 
d a | Ji 
i 
» 
— 
years show considerable changes. During the dryest year the mini- 
| 
oe im others. W ithin the area affected by the project, there are no less than 33. 
communities with ac ulation of 9000 inhabitants.  Yotoot 


entitee reservoir to be for med I by the dam on this 


“was desided to compute the a average run- -off a: ff as "35%. when the rainfall zing! 
Te is more than 3 in. Studies were made to determine the no al 
storage mecessary to regulate the flow of the river, based on its yearly 


discharge rate. Thus, it was determined that the storage should ibe 84 000. 


Dek th Likewise, numerous investigations were “made to determine probable evapo 


ration losses in the reservoir, stated Sr. Bancalari. It will not be possible to ‘a 
\ ee canal losses until after the system has been in operation, but a 


land could rely on the run-off f from the Santiago River System for irrigation — 


ena _ The water from the Pabellén River will serve as a supplementar 
supply to the President Calles Project. PLD yders tos ino 


As it in n the case se of the Santiago: River, there : are no exact resmtel) data avail- 


"requirements for growing crops, it was about 47.000 acres of 


ae can be diverted into ‘ihe main reservoir by means of a fennel yeti a capacity 


of about: cu. ‘ft. per s se ec. Without the. supplementary y supply from 
Pabellén, 1 water stored in the reservoir could be depended upon to irrigate only 


‘Soil Studies. —The soil in this project has been classified under five differ- 


ent headings. The first (Class 1), is of the better quality, located along the 
qr edge. of the river. It is is free from ‘alkali, its underground d drainage is good, 


the ‘topography As such ¢ as to make ‘it suitable for irrigation, , and its ¢ compo, 
ition makes it a good soil for various crops, including fruits and vegetables. 


Class 2 has 1 the same characteristics Class 1, except that the stratum 


is generally not so "deep, being. in no case more than Class 3 is 


inferior soil compared with Classes 1 and 2, the points” of inferiority being 
principally in relative drainage facilities. Soils in ‘Class 4 are of a rocky 
a nature, which i is difficult to plow, and which would re | require . expensive drainage ig 
aA work; and in Class 5 are included the soils. that are absolutely unsuited for: - 


irrigation Purposes, either because of the topography or their chemical al com- 


a ‘The Dien and Its Out et.— The site selected was such as to provide for the », 
necessary reservoir an al arch dam 187 ft. high. At the top, the 
7 dam is about 920 ft. long, composed of about 333 ft. etre the center arch, 
193 ft. of gravity spillway section, and about 394 ft. in two straight gravity 


sections. total height above the foundation is 220 | ft., and the dam, 


contains about 60 000 cu. yd. of -conerete.. {} The discharge capacity, is 
250 000 eu. ft. per sec., or about four times the maximum rate of flow observed — 
in the river. ‘Four pipe lines | leading from the reservoir, are designed to o supply 


the irrigation and power needs of the region. has. od 
lng two irrigation pipe lines : are 54 in. in , diameter, and two for hydraulic — 


foot of the dam. “In addition to the detailed description dam, 


project will have = 
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e ing a eomndl which is cut from the reservoir through | an n adjacent hill. - This 


tunnel, 113 ft. in diameter, was drilled through solid rock for a distance of 
about 4300 ft. The grade is 0.2: per cent. From the end of the 1 tunnel north 


«4 Bo the San Pedro River, and then south to the Chicalote River, a a | distance of 


for | passing the more rivers and 


ducts for crossing over small streams, dikes and outlets” for feeding branch a. 
anals, spillways for the control of | excess water, highway bridges over ‘th a 


+, 


yy 
canal, and special bridges at railroad crossings. ne 


_ Secondary Canal.—In- ‘planning the distribution system, the ‘Irrigation 


_ Commission took great pains to insure the ‘most convenient and profit able u be 


of the land as an essential feature of this project. Each parcel is to. be served 
oe an individual canal which is to be readily accessible from a public road Oe 
The maximum area of land allotted to any farmer will be about 370 acre ; x 
although average size of the farms is more nearly 120° acres. Up to 
—_ time the cost of the work has been $7 412 000, which is equivalent es 
about $158 per acre. . However, in order that the operation of the project may 
‘he carried out on a favorable basis, the Government has arbitrarily — fixed 


price of hectare, which i is ‘equivalent to about $105 per acre. 


‘4 


Unique by Sr. the problems in- 


volved in ‘the construction of this project. are » exceptional. ri The Rio ‘Mente 
originates in a spring in the Cucharas Mountain. The 5] spring has an errat 
flow, the: minimum being as low as 280 cu. ft. per sec., and the maximum, 
3180 ‘cu. ft. per sec. The fiow of this stream can be. carried directly to. the 
lands that are to be irrigated so that storage will be unnecessary. Therefore, 
the purpose of this project is merely to secure a satisfactory diversion system, — 
and the the units necessary for the best utilization the 


lands subject to irrigation have an area of about 45 ( 000 acres. 


average elevation is about 165 ft. above sea level. The: maximum spring “flow 
of the Mante River occurs near the end of ‘September, and » the minimum nea or) : 
the end of May. At a distance of about 9 miles from its source the river is 
ivided into three main branches that form its delta. These branches cover an 
% area of approximately 9 400 acres which are flooded by th he river and are 
therefore, of little value for cultivation. To aoline 
Drainag ge. —Instead_ of irrigation, this area requires a complicated drainage 
system so that. some of the land 1 may be reclaimed for agriculture, and so that: = 
all of it may be made healthful, since the region is a notable malarial district. 


Everything considered, however, Sr declared that this project has. 


Underlying the surface soil of ‘this region is an stratum of imper- 


slate, which Ties a at t distances varying from a % ft, a nd ten 
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of swamps. _ The structures involved consist only of : a diversion dam, with. the 
at the heads of two main ‘canals. The diversion dam merely a 
- common type of dike 31 ft. long’ and high enough to raise the water level from 
about 34 to 10 ft. The dike itself i is 13 ht high, and the water flowing i in ‘the 


 Completion— —The land. to be irrigated is a “mixture e of clay, silica, 

humus. It is a very y rich soil, and the climate is ‘warm, so so that the region is 2 

especially well suited for the cultivation of sugar } cane, The land is owned by | 


a progressive class of farmers who are anxious to use and adopt the most mod- oe 4 
ern agricultural methods. ‘For this 1 reason, even if the | project is small, it must = 


In addition to the structures already described, this project includes the 7 


I building of decanting and settling basins, gates for the distribution of water, 
_ siphons, aqueducts, bridges, , and railways. Provision i is made for a complete 


of. secondary for irrigation, and a complementary system of 


Pr >roject: is the largest of the projects: now under construction, 
stated Sr. Bancalari. It is ‘particularly important because the present Go 


ment in Mexico depends on it especially for colonization. Due to the irregular 


the Rio Salado will be used purposes. This river has its 

8 ource in the northern part of the State of Coahuila, | passes through the — 
of Nuevo Leén and terminates in the Rio. Bravo, i in the State of oie ya 
 Structures-——-The main dam has a length of about 3950 ft., and the e1 


Se bankment i is about | 3 300 ft. - long, built of earth taken from | a near- by pit, i 


is about, 20 ft. The up- -stream slope, 1 on. 1 1 is paved with. ndinforéed = 
‘te. The down-stream slope is 1 on 2. In order to provide the a 
apacity required in the reservoir, it’ was to close a series of ravines 


ft. W ith this q of water available, it is expected that aboot 160 0 
| The irrigated canal leading from the extreme north end of the dam has a 
Gy ace capacity of about 2 300 cu. ft. per sec. In ‘the clear its breadth is 


ft. ‘The total length of the finished canal will be miles. 
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agricultural purposes, and the area is practically uninhabited. 
a oe is hoped that with the help of irrigation, this region will er | = 

: : i ion. It con- 
the most active centers of population for agricultural production. It 
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— about 900 ft. per sec are of ahigh grade for 


ural purposes, at for ec 


other crops that grow in a high and dry climate. 


ail A survey has ‘been made. of about 495 000 acres, with the result that some — 


Y = 000 acres have been chosen for irrigation, leaving ‘the remainder, which is | 
a relatively inferior quality of land, for pastural purposes. The ‘eikishaited a: 


' = of this project will be $35, 908 000, or $552. 43 per hectare, which 


—This project is: being developed for | the double pur- 
Sevigatiqn ‘manufacture of hydro-electric power. latter has 


been leased t to a private company. | + Sr. ‘Bancalari_ explained that the River 
ion has its source in Lerma Lake, in the State of Mexico. It receives its 
from rainfall and from the melting snows of. the Toluca: Mountain, 
as well as the high hills that at surround the lake. It: runs through the. States 
of Mexico and Guanajuato, through the Lake of Chapala, from which it emerges 


again as the Rio Grande de Santiago. This river finally empties into the Pacific 


Ps 


got Le) fi 

lated and | 

cultivated 80 intensively since ‘early. Colonial days, ‘that the upper 


8 soil is fairly well impoverished, so to speak, but it As hoped that by means Sipe 


modern irrigation methods tl the ber nefit et be taken o of the richer ‘soil below the % 


storage dem has been constructed at the little town of of Tepuxtepec, 
= 


State of Michoacan. Its length is about 1970 ft., and ‘its total. height 


ge above the. river bed is about 150 Storage material at this site was so poor fae 
that an additional ¢ excavation of about 115 ft. was necessary before any reliable 
foundation was” reached. Even at this point it was necessary to fill 
various ‘seams and fissures by pressure grouting to a further « depth of from 
; = to > 200 ) ft. it was necessary to build a diversion tunnel about 920 ft. long, Bu 
oy the dam during construction, and this tunnel will be used for flood- 
Power Development On account of unsatisfactory conditions 


t the site, stated Sr. Bancalari, special efforts were made to obtain imper- — , 
meability. A hydro-electric plant below the dam will receive about 660 

cu. ft. per sec., under a total head of 607 ft. The tunnel leading from the < 
ato orage basin to ‘the hydro- -electric plant: is 13.8. in diameter, and about 


2 miles long. . At the end of the ne there will b be special penstocks to col 
While the hydro- electric rights have been granted as a concession to pri- 


vate individuals, the ownership of the storage works and water will be - retained 


the Government. The Government maintains the right to stipulate. ‘the 


¥ fixed service plan under which the private company will develop hydro- electric is 


energy. The storage basin is planned for a capacity of 405 000. acre: -ft., and — 
: the quantity of water available for irrigation and water- -power Purposes is” 


expected t to be 600 cu. ft. pe sec. 
gine 
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W ater ‘So ource —This is unique nb the point of view of the 
mall sub- -divisions into which the land is separated. The run- -off on this 
_ drainage area flows in two main river systems; one of these is the Rio de Tula, 
nee which becomes, successively, Rio Moetezuma » and Rio’ Panuco, ‘before it dis- 
¥ charges into the Gulf of Mexico at the Port of Tampico. i The flow of this. river | 
sys or ith a ‘ 
There is another source of water from the Tequixquiac Tunnel, the 
Ki drainage system i in the Valley of Maxion, which empties into the Rio Salado, Fi 


main ‘sources sufficient to yield ‘ite Zor’ about 
Basis 54 000 acres of very. good land, subdivided to ‘such ‘an extent that some of the 
owners have no more than from 1 to 14 acres. ati ead, 
ati 
“The waters from fie’ of the Valley of Mexico the 
‘Tunnel of Tequixquiac and reach the Rio Salado, from which they are diverted 
by means of a small dam, constructed in Tlamaco, to irrigate the southeastern 
nae - section of the System; from there they go through the power plant of ‘Juando’, 
eae where approximately 1200 kw. are produced, to a second canal which ‘carries — 
them to the next plant, ‘Canada’, with a capacity of 800 kw.; and, finally, from 
a, this plant, either they flow into t the irrigation system of ‘the: lowlands in the 7 
of Valleys of Tepatepec and Actopan, or they continue through a new power 
canal. up to the ‘Elba’ plant (at present shut down on account of irrigation — 


Thr mul 


: necessities), from which they return definitely to the Rio Tula.” 
‘The first of these systems was begun by private enterprise for the purpose 
. of forming an irrigation company to benefit the lands belonging to ‘the indi- 


-viduals comprising that company. The activity of the Government, ‘however, 


in developing o other irrigation projects in this neighborhood caused 1] the private — 


owners to seek the Government’s aid i in solving their own problems, with the 


that the Government finally soquired, the private system and added it 
me ‘The total ‘cost of ‘the Valle del Mezquital woe is date is $1 345 600, or 


$61. 16 per hectare, which is equivalent to about | acre. Operating 


expenses of the system are paid by revenue from operation, and it has shown 
an annual profit of $30 500 which corresponds to 21% interest on the capital 


In his paper ie; ‘confined himself largely to works: that tare 


completed, or are so nearly completed that ‘their ‘construction problems ha 


‘mostly been ‘recognized and solved. Besides the projects mentioned, ‘ten 


large projects” are being studied. Special commissions have finished final 


plans for work on qa) the Rio de Tijuana, i in the northern part of Lower Cali- 
La, fornia; (2) Rio Yaqui, in the State of Sonora; (3) Rio Conchos, in the State : 
of Chihuahua; (4) Rio San J uan, in the State of Nuevo Leon; (5) the rie 


n the Arroyo de Santa Gertrudis, it in the State of 7 


Projects on the Rivers Balsas, Nazas, Lerma, G 
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te. ‘It is expected that bef ‘ore e 192 s will provide for the irriga 


tion of not less. than 4900 000 acres, at the same time creating employment 


through the development -electri industry capable of ‘generating 


pe All this work may be classified ander ee head of progress, 


‘be further deseribed. ‘Sr. “Bancalari a _acknowledged_ the indebtedness of = 
- Mexican Government to ‘de co- operation and the very valuable technical help 


of the J. ccm White Engineering Corporation. With this help, and encourage- 


— there i is being developed an enthusiastic group of native Mexicans who 
6: 


becoming experts in_ the various branches of irrigation design and | 


He paid tribute » th e influence ¢ of former President 
Calls, and to! President Emilio Portes ‘Gil. 


The Mexican National Commission i in ‘the 


remarkably efficient one, according to observations of Chair an 
HE. during a a recent visit. fe _As compared with work done in the United States, 


k don 
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been expended on In Central Mexico, ‘the first 


deve slopments were inaugurated, the ‘Government has planned the division 
es these lands into par cels, ranging i in size from 60 to 800, acres. According to 
“The land is open to anybody, “Mexican or - foreign, and they have twenty, 
rs in which to pay for it, without arian sir the Government will estab- 
h land banks to finance the settlers. 
Settlement —Efforts ‘are being made to the’ others, 
ut allowance must be made always for differences in social and economic con: 
ditions between regions set up for comparison. Mexican land hear the Lower 


Rio Grande is just as ‘good as that in Texas across the river, , but marketing 


conditions are different. One very important difference is that the Mexican 
farmer i Ja in his knowledge of gar 


“The present plan of the Government”, , Sr. Santacruz stated, “is to bring : 


have a 


Cons. Mex! n Section, Inte ern 
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| The National irrigation laws of Mexico, stated Sr. Santacruz, were 
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q d_ knowledge of agriculture, which they have learned, and they know ae i 

ational Boundary Comm., El Paso, Tex. 


o get a piece of land and settle on it. “The Government gives prefereics to 
these people, and is looking forward to development along the border.” oul 


‘The Mexican | policy differs from that established by the National Reclame . 3 

2 ‘tid Law of the United States, in that when certain percentages of owners 


desire irrigation development, they can request the Government to build. for 


an When this is done, the Government collects the money in twenty years, 


hae 


ea cash or in. land. of the big land owners in Mexico have millions 


eae acres, ‘and’ many of them are willing to exchange from 25 to 40 or 50% of 


AU LLC 


: their land, in order to have. the advantages of irrigation on ‘the remainder. | 
ACCEP TANCE OF LAND AS PAYMENT © 


‘The advisability of accepting land as payment for expenditures made 
ir projects is of rather doubtful value, according to W. Drage er, 
M. Am. Soe. C. E., who i is working on the Calles Project. This project is now ” 


"about 90% ‘completed, at a cost of about 4 000: pesos ‘per hectare. wp The value of 
og land to be accepted as payment is ‘now about 10 ‘pesos per hectare. ee 
“The cost the Government has set up on this land is 260 pesos per 
so you see it would take more than the entire area of the land of the farmer 
to ay the irrigation cost of the project.” 


| SREPAGE PREVENTION AND DRAINAGE IN | 


JARDIN DISTRICT 


By ERNEST M. Soc. E 


tex, ‘hin by the Rio Gran 
Rio Grande, and between it ‘coast: 


‘district ‘is within the ‘coastal plain» that extends back from the Gulf 
of, Mexico. ‘The soil is composed of quite salty’ black clay. Mr. Myers ex- 


“The Rio Grande River has cut across this plain in long loops, forming 
~ channels i in the natural soil and building up banks of light-colored sandy ait; 
time to time cut off loops and added new | ones, eventually aban-. 


oning the old channels entirely. "Some. of the abandoned channels: have 


ntirely filled, leaving long, low winding ridges 10 or 15 ft. above the natural 
evel of the plain. Others ane now long narrow lakes, known as ‘resacas’ ”, 


ti The underlying soil varies from a light-colored sandy silt to a black slags 


ny | on 


In man ocalities, the land remains in “approximately its” original conditi 


Cons. Bngr. (Myers & Noyes), 
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culture & since before the Civil War, it has | been handicapped by physical limita- 


tions. _A, pumping Project was started ‘within recent years; but while this 
aided ‘the’ area a drained, it raised level in areas 
1 evelopment 


Following” this | experience, the Cameron County Water Control ‘and 
provement District No. str organized for the purpose of providing irrigation Ak 


rec 


‘resacas’ used as main canals, the canal system was 
These canals” are still in general use. tno 


nm seepage through | the banks of 'the “resacas” « continued 
serious. a Canals built i in the compact soils of the lower area were fairly tight 


when they became soaked after continuous ‘use; but after being during 


heavy soils” provided in general, and “very soon 
= became badly seeped and salted. Conditions in this district continued to grow 
steadily worse in the face of these difficulties, until 1926, when the Directors 


of the > District authorized the of a report containing 


canal lining, at an ted cost of $1 100 000. of this 
was covered by a bond i issue ; hence the work that could be done had to be ‘simi-— 


larly redueed within the available funds. It 1 was not attempted | to drain each 


tract completely, but rather to make it possible. for the } proper ty ow ner tod 0 so of 


_ In general, open ditches | 6 ft. . wide on the bottein’: were standard, 
grades varyit ing between a ‘minimum of 0. 1 and a a maximum | of 5. 0 ft. 
1000: ft. _ Then, again, according to Mr. Myers, tile drains were laid, 


of these, when laid in, fine sand, proved of only temporary value. " repay 


Draining ‘ ‘Resacas’ *—One vexing problem, according to Mr. iil was 


involved i in eliminating the old stagnant lakes: 


‘In most instances ditches were du ug to , completely drain the old ‘ ‘resacas 
‘These ditches were cut through the high banks of the ‘resacas’ and extended 
up their channels; usually they were shallow and failed to cut completely 

. ‘through the tight alluvial ‘resaca’ bottoms. In many instances deep pits were 

-. dug in the bottom of these ditches in an attempt to reach the underlying sand» 

os strata. In some cases” where such a stratum was penetrated there v a 
_ siderable flow of water, indicating that the ground-water was under pressure. ; 

the past the farmers blamed the ‘resacas’ with the seeping and 

se salting of their lands. This was probably true where the water level was high. | 
: _ However, the material in the ‘resaca’ bottoms and part way up the sides, was . 
$0 that it seemed hardly that there could have been: much seepage 
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serve a very useful purpose, as in many cases they are very unsightly are a 

menace to the health of the community. . Often. the water is quite shallow 

: and the channels | are choked with vegetation. After drainage, the land i in the - 
‘ 


*f ‘resacas’ will eventually be capable of cultivation or use as pasture.” oo 


In an attempt to measure the effect of the drainage, test holes. were sunk 


throughout the area, about. 3 000 in all. Measurements. before the ditches 


were dug, and at intervals afterward, gave an 1 idea of the value of the work. In 


general, the ground-water was lowered to 5 or more, below ‘the 
in n a few areas: it even rose slightly. _ Eventually, ‘it is is hoped that the gradual 
lowering will provide a flat water-table back from the drains. 
eepage Prob ems.—Mr. Myers reported varying success in the efforts to 


Some of the main canals sandy became tight by 
silting. Again, sand crabs frequently rendered this lining ineffective. 
other instances drainage ditches have been dug on either side. of the main 


canal to prevent damage to adjacent property. ty. ‘Incidentally, this con 


ee tends to ‘increase the seepage losses themselves 


aced ‘by hand. ; was reinforced, and had 1 no contraction, joints, As 


was inclined to crack badly, so. that. the seepage was considerable. 
Attempts to repair these cracks with hot asphalt proved difficult. 
‘gh More recently | canals have been | lined with 1-in. layers ‘of concrete, rein- 


forced with a No. 10 rectangular mesh, with wires spaced 4 in. apart longi- 


tudinally and 8 in. transversely. ‘The e lining ii is done by means of a cement gun 


 Ttis recorded by Mr. Myers that: “This ide anid reduces cracking to a a 
minimum. What cracks” have occurred have ‘doen transverse ond: not 
Success of District. —The result the El Jardin District has been a 
remarkable improvement in the general appearance as well as decided 
betterment in the morale of ‘the: farmers and land owners. - Many farms that 
would have been abandoned, are now being cultivated again, and it is a 
_ able to expect that the entire district will be under cultivation i in a few years. 
Indeed, ‘ ‘The use of water increasing and the land» owners. are e payi ng up 


k df 


reply to an inquiry, Mr. Myers « declared shits in to the 


+. cont tte 


on the gunite construction, this work was satisfactory because 


he gun”. 
is unusual to finish gunite work, ‘this job was carefully as not 


to disturb the bond. 


struction 
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question, by Chairman Lipp 
— 
my 


brush was by Fred C. M. Soe. 0. who declared 


that by. this means the coefficient for. Kutter’s formula could be reduced to _ 


0.015. The best lining in the. western part. of United States” is that 


Rs of the Ridenbaugh | Canal. Five or six sets of tests on this canal have de 
termined a value of 0.013 =, for the Kutter coefficient. Diemer 4 2 


we In reply to a question from the floor, Mr: Scobey stated that, 


Ged “The two highest grades we have now of concrete pipe appear es be about 
| hee same in carrying capacity ; one type is that of the centrifugal cast pipe. 


Referring to the chemica al property of water in the ‘Fred 


Porter, Assoc. Am. Soe. BE. mentioned the effects of ‘some of the 
- contributory streams. The Pecos River brings very bad water, and the 


Del. Rio, on the other side of the border, contributes good water. -Chair- 


‘Lippincott added that it seems that in certain places the water the 


“Bio; Grande is as good as that which “comes” from the High Sierras, and 
Mr. “Myers added that, when ‘the water low, it ‘is very bad, but, i 
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PROBLEMS OF THE INTERNATIONAL WATER 


L. M. Lawson,* M. Am. Soo .C.E. 
Organization Duties.—Five boundary treaties between. the United 


States and Mexico serve as a guide to the ectivities of the International 


Boundary Commission. The total length of the boundary 2013 mile 


1300 miles of which are by the Rio Grande, 20 miles by the Colorado 
ae River, and 693 miles by monuments and other land marks between EI Paso, ee 


‘and San Diego, | Calif. The Commission i ‘is ‘empowered to carry out the 
7 provisions of the Convention ‘aiid Treaties of 1848, 1853, 1882, 1884, 1889, and — 
1905. It may suspend the construction of any work along the boundary that 


is contrary to the intent of existing treaties ;’ it may erect and maintain neces 
sary monuments marking boundary, etc. jou eb 


a Commission i is composed « of one representative from. each country, and 
both Commissioners agree to decision on ‘matters rs coming: under their 


jurisdiction, their judgment is binding on both Governments, unless ¢ one 


Government it within thirty days. pily sisi 
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the in engineers ‘active in solving boundary disputes, remarking, 


- “Fis report dated 1857, printed as : a document of the House of Repre- 

_ sentatives of the Thirty-fourth Congress, is a complete compilation of geo- a 
graphical, geological, settlement conditions existing along the 
border. a ‘treaty was: for 


ra 


yt 
mination of land when a river which forms a boundary 


ang ite course. The Treaty of 1882 , among: other things, 


“Pyovided that any other change wrought the force jof the current, 


no change i in the dividing Tine, but the fixed shall ‘continue to 
= follow the middle of the original channel bed, even though 83 should become ~ 
wholly dry or be obstructed by deposits.” 
When a river boundary leaves its old banks and seeks a new channel, the 


i areas that are thus transferred across the river are known locally . as “bancos’ aa 


: In 1905, the treaty provided for ‘the elimination of such “banco” tracts: as had 


been caused by changes in the Rio Grande. __ Detached tracts with an area of eS 
more than _ hectares (620 acres), ora population of more than 200, pundined ‘ 


“The citizens of either of the two countries who by virtue of the stipula- 


i tions of the convention shall in the future be located on the land of the other, — 


2 eo ‘may remain thereon or remove at any time to whatever place may suit them, 3 
am or keep the property which they possess in the territory or dispose of it. Those a 

_who prefer to remain on the eliminated bancos may either preserve the title 
oe and rights of citizenship of the country to which the said bancos formerly le 
o belonged, or acquire the nationality of the country to which they will belong — 


a in the future. , Property of all kinds situated on the: said bancos shall be invio-— 


quently | acquire “the ‘property legally, shall enjoy as complete security with 


respect ‘thereto as if it belonged to citizens of the country where it is situated.” + 
Bancos. —Under the provisions: of ‘the Treaty ‘of 1905, the Internationa 


Boundary ‘Commission decided the nationality of fifty-eight: ‘separate 


fie 
of land located in the storage between Roma , Tex. and the Gulf of Mexico. 


-day, 133 3 bancos representing 235 acres, “have been transferred from one 


a country to another Of this total area, 10 384 acres have come to the United 
States, and 6 851 acres: have gone to Mexico. The average area these 


bancos v was 129 “acres. One large 13 000 acres, known as the ‘San 


INC 


Elizario Island, does not come under t Q he provision of the Treaty of 1905 
Although this | ‘now south of th tio i 


‘itory. fob 

stated that there were three : 
re th 
Ojinaga, and the Lower R ch; 
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bring ndary 


ing will become feasible which will eliminate the causes which give rise to the 

a present difficulties of alignment, enforcement of National laws, and contro bx 

-- Versies over private titles. This more ideal situation has been brought abou 

5 _ with respect to the El Paso-J uarez Valley, and both Governments have long 

_ been sensible to the problem arising from the meandering channel of the Rio 
Grande which generally forms the boundary line, the menace of floods, and 
other difficulties in an area between El Paso, Tex., and the Box Canyon below 
Fort Quitman, Tex., a distance by river ‘of about 155 miles. Under special © 
appropriation the countries have instructed their respective Commissioners to — ee 
proceed with a remedial plan, which would have as its” object the stabilization As 


of the boundary line and the rectification of the Rio Grande i in the area under» 

ff The land along the Rio Grande i is becoming | more and more thickly settled 

ay and i is being ‘used for the cultivation of crops, thanks to extensive National and 
private irrigation and drainage ‘systems. These create a 


nt <A more stabilized and protected channel than the oienuderine and menac- | 
ing river. The treaties now existing and in force provide for the determination 3 
gy SOV vereignty of tracts of land “segregated - from one country to the other by | 
the natural forces of the river, but do not take into consideration or permit 
; artificial rectification and straightening of the meandering channel necessary 


in the Portion of the Rio Grande | being considered.” 


pre The City and County of. El Paso face these problems especially. In the 
past few years they have expended $500 000 in the protection of city” and 


county lands. More than 000 000 have been. expended i in ‘constructing i 
irrigation and drainage works, with an additional equal amount in preparing: 


lands for cultivation. Mr. Lawson treated at length the influences to be 
\ expected by the construction of these drainage works, , such as the E 

Butte Project. These projects include elaborate plans fc for ‘stabilizing the flow 


controlling. the direction of flow of the boundary rivers. 
.—Quoting directly from Mr. ‘Laws son’ 's paper, 


portant and valuable suggestions and constructive comment from consulting 
engineers, have agreed upon and recommended to the two Governments the 
: preliminary and general features of such a plan, and are now developing final 
Pe the routine business of the Commission, now organized upon an engi- 
neering basis, covering action on various land changes and particularly in | 
Ex field and office engineering work in developing the plan as outlined, the ic 
co-operative and helpful spirit of the Mexican Section is a matter for special | Ae 
e. The personnel of that Section of the Commission has a eee 


fied and constructive action on boundary 


| 
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be 


to the fact that project which ‘required | the straightening of a stream 


180 miles long, so ba its length i is 80 miles is one ) of major proportions. — 


Numerous river changes disputes. If and when 
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The 


Army Engineers ‘have a ‘theory that when stream is shortened’ wa ray, 


it immediately begins to ty to ‘recover its original position kB ne aa: 


Replying to an inquiry as as to this feature had been considered, 


the e river thus shortened, was s available a storage of water from Elephant 


Butte e Dam. t 
simply involved putting ‘them o on ‘se self- -cleaning grades 


Silting | of “Lake Austin — discussing “Mr. "Hemphil? S paper, supple- 
mentary data | concerning conditions| at Lake Austin were presented in a di 
cussion from T. U. Taylor, M. Am. Soe. O. E., read by John A. . Focht, . Assoc. 
M. Am. oc. C. E. The silt is gradually narrowing the channel, nd has 
reduced it from a width of 1300 ft. in 1913, to 620 ft. in 1929. Pointe j in the - 


mouth | of Bee ‘Creek that were originally (1913) 51 ft. deep, : are now filled | 
with silt to a level of 2.4 ft ‘above the lake level, so that the total depth | of silt 
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SURVEYING AND MAPPING DIVISION 


lin 
25, 1929, 2:30 P. M., TO” 5:45 M. 


= 


behind other countries, of the new ones, South Afri 
and New Zealand.” With these | words, ‘Chairman Hodgson* ‘opened 

the meeting of the Surveying and Mapping Division . Continuing, he said: 


a “With the increase in property values, the past few years have emphasized 

the x . need for more accurate surveys. The economy is seen on big construction 
jobs, in spending a few thousand “dollars for good surveys, rather than to 
g g 


pers 


proceed with construction without adequate information. It is a very expen- 


sive proceeding on a construction job to cut steel while it is being put into 


place, or to correct the alignment of a tunnel after the tunnel headings — 
Special of the Division are at work, he stated » preparing 
eports that will outline sedeated limits for these conditions. One of these — 
the Special Committee on Definitions of Engineering Terms. - Aft 


preliminaries he introduced the first speaker. 


PRACING OLD SURVEY LINES 


tr, M. Am. Soc. C. ‘Be 


“Original Marks—The purpose of this | paper as to present the 
engineering and legal phases of surveying i in Texas as they : fected 


“Tt. isa well- fixed principle of law that in relocating surveys it is the ¥. 


tiginidl survey. ‘ Move not the ancient land marks’ is an old legal pot 
by Moses Deuteronomy. Land boundary litigation | has burdened 
the Civil Court dockets since the beginning of private ownership of the soil, 
: and many wars between kings, princes, barons, and lords have been ‘fought 
law “Indefiniteness in description and inaccuracy 1 in laying down the original 
ee boundaries cause most of such litigation. - These deficiencies also are causes ae 
. the greatest difficulties to the surveyor in making a relocation. The | 
boundaries of a survey are usually a series of connected straight lines having — 
given lengths and bearings, and designated natural or artificial objects, — 2 
- marks, and monuments ; or they follow the rise mig of streams or r divides 
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3 The artificial are crosses, , hacks, drill holes, stakes, letters, figures, j 
mounds, pits, a pile of buffalo bones, a cow’s head, or other conventional — 
signs and characters on standing timber, rocks, ledges, or on the ground. In 
fg to retrace the lines of a survey it is necessary to shave the description 7 


description, called the field notes, is usually found Ma the archives of the 
General ‘ta located.” or in 1 the records of ‘deeds in the the 


pany 
e land | laws of ‘Texas 


on n Law t took over the and French 


, Texas was admitted into the American Union of States. ~ Quoting 

“By a provision of the Act of Admission, Texas retained title to all a 
public vacant land and the State has administered these lands chiefly for 
the benefit of railroad development and the endowment of a public educational — 
system. The United States has never owned or administered the public — 
lands of the State and, therefore, the United States system of land surveys» 
Measuring Units. —One of the most interesting parts of this paper was 


WwW illiams’ deser ription of lan d-measuring units that prevailed early 


imes in Texas. He stated t that: ol act 


| The ‘Spanish ¢ and Mexican law prescribed the units of land measurement 
nd the methods « of day: ing out surveys and marking the lines ant 
. he linear unit is the ‘vara’ (in the Austin collection of documents y Rc ae 
called ‘bar’), equal to 333 in., and defined as 3 geometrical ft., or ‘pie’. The — 
vara had different values at different dates and in different countries. When — 
the Americans began to make surveys in Texas each surveyor had his own 


idea of the length of the vara. _ Austin prescribed the length at 33h, ‘English - 


te and this value has become the standard. The geometric foot was generally — 


used in the Sixteenth Century. _ Morgan gives its value as 9. 8 in. and Locke © 

ee units of area are the ‘square pie, square vara, labor, and league | 


‘sitio’. It takes 5 645.3 76 sq. varas to make English ‘acre. A labor 
Satan 1 000 000 sq. varas, or 177.13 acres. It is 1000 varas square. The ” 


_ league is 5 000 varas square and contains 25 labors, or 4428 acres. Many of 


the Spanish surveys contain a league and labor, or 26 labors of 4605 acres. 


_ Five leagues or sitios is a hacienda. The labor in the theory of the Spanish — 


erops,. in contradistinction ‘to a a league upon’ which conduct ranching and 


Value of Markers.—The relative merits” ‘of land markers were described, — 


Mr. Wil illiams ‘stating ‘that natural objects received preference over artificial — 
marks or ‘monuments, as well as witnesses to boundaries. - At various times, 


ny 


the State Courts have. ‘upheld this principle inherited from 


ons “In relocating | surveys the Courts consider four elem 


descending» order of importance: Natural objects, as 
mountains, etc.;— artificial objects, such as marks on trees, marked 
_ stakes, etc; course and distance; and quantity. _ These rules are founded on 


mae dome and customs is a farm, or an area upon which to labor and to produce : 


| 
— | 
Texas Laws—Th nave felt the influence of Spanish 
and French laws, when, turn, common origin in the Roman Civil 
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Treason , experience, ends observation, and “must proach ‘the 
problem of relocation with them well in mind, for he may be, and frequently 
Is, required to defend the accuracy of his work before the Courts. While 
-~ surveyor must know the law, he has done his whole duty when he has 


LINES ACTUAL RIVER AND SURVEY 


Qualifications of Surveyor.— —In order to be fully” competent, a surveyo 
be quite: ay versatile person. In making investigations natural 


called for i in a a description of « a boundary, he i is confronted, 


location by erosion, and accretion. “Courts have 

down rules of law governing titles to lands’ affected by such changes, but 

! ~ the surveyor is not concerned with titles. It is his duty to lay down the 
lines on the identical location of the original boundaries. He must locate a) 

ae and identify ancient stream channels and terraces and determine their ages 

‘ by strata formations, timber growth, and collateral facts. In my experience 

have found river channels” mile from their record locations fifty years 

oo “The beds of all navigable streams in the State belong 1 to the public. A K 

_ statute of 1837 defines a navigable stream as one with a mean width of 
30 ft. or more from its mouth throughout. ‘The statutes prescribing methods 
of laying out surveys prohibit crossing navigable streams. The effect is to 

_ leave such stream beds in the public domain. — - Many streang in Texas” are 

dry throughout a great part of the year, but in wet seasons the wetted peri- 

meters are several hundred feet long and the width between the cut banks 

ik of the freshet flows make them navigable under the statutory definition 

res given above. It appears that surveyors understood the definition | of a navi- 

= stream to mean a width of water of 30 ft. and gave 1 
between the cub the flash flow.” 
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RVEYING AND MAPPING DIVISION 


(ite attempting tol locate « original boundaries, the Surveyor be qualified 
to interpret the changes made by the forces of Nature. &F urthermore, accord- 2 
a. “An investigation of oxtihoial objects requires no less skill and experience, fi 
A fair knowledge of botany, plant anatomy and physiology, and ecology is 
‘required. Many efficient, capable, and skillful surveyors have no organized 
knowledge of these _ probably have never heard or seen the 
names of these sciences ; a 
remember that a little ‘and common ‘sense, that ‘is, ‘sense about 
Ae common things, supplies a great deficiency in knowledge of organized science. | 
_ There is probably no technical branch | of work that requires more common ~ 
and self reliance than surveying. Species, ‘habits, and methods 
of growth of trees must be known, , ages of marks s must 


‘Tree Knowledge e.—Recounting some of his 


‘Williams declared that he had cut into trees, 


“And accurately determined the ages” of sixty-five to 


die years prior to the date of determination. The age of a mark cannot - 
2 - be determined definitely from the scar on the bark. In examining the bark | 
Ww ound it should be remembered that the trunks of trees enlarge laterally — a 
only. | This fact causes the wound to spread with the circumference as it 

but not up or down. A horizontal scar made in the bark with 
ordinary axe blade 4 in. wide will in a few years on a rapidly growing tree o 
become 8 in. long, while three wounds spaced 6 in. apart vertically - on a a 


tree trunk will remain this distance apart as long as they persist. ¥ ar 


concerning the original | survey. For example, to illiams, = 


“The field notes describing a boundary give the sizes and genera 


of ‘the trees called for, and, many times, timber lines and character of flora. 7 


— young, and refuse to examine small trees for old marks. — 

making a relocation, I found a cedar elm —(Ulmus ‘was 
marked in 1842 as a witness to a corner. The locating surveyor gave the 
size as 6 in. in diameter. _ In 1920, the diameter was 8 in. and after the moss i 
was scraped off, the were perfectly ‘piain.” ool 


0. 


Pats) 
Recovering Timber Old surveyors often describe timber littes 
natural boundaries. In attempting to relocate old surveys, the modern 


finds ‘that the timber has been cut and it not been 


W 


make the investigation pits are dug 2 or 3° ft. in the ground. By 
careful: oe of the vertical banks of these pits. the forms of tree roots’ 


after all trace ‘of the wood fiber of the roots has perished. — ‘Most hardwood _ 
trees have nates em roots, penetrating deep into the substratum of joedy 


orm s can be 
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even after these roots have completely decayed their 


traced the residual and the surface soil washed and settled into 
» “My experience indicates that the pioneer surveyors ran most of their — 
“lines long, and that the bearings vary on the ground considerably from those 
» given in the field notes; ; but in making a relocation of an old survey, if the 
SS will use a light, open-sight compass with an ordinary J acob | staff he © 
bw ill have little difficulty in following the marked line.” 


$3 to ‘Clients — -Quoting further, in regard to this. subject, 


proper toa difficult relocation is very, important. The su 


veyor is usually called after a controversy has arisen to which his client is 
q a party. The client expects the surveyor to find the facts in his favor, but | 
the only interest the surveyor should have is in finding the facts. He should 
make his position clear to the contending parties and with the record before — 
i him approach the ‘problem very much as a detective investigates the mysteries" a 
woes a great crime. He should run down clues and test out theories until some pug 2 
one or more facts have been established, then, by applying the descriptive eS 
matter of the record, find corroborative facts and make out the complete 
iz He should observe the rules of legal evidence, for these rules are the 
results of our race’s experiences from times so remote that ‘the memory of 


man runneth not to the contrary’. Hearsay without corroborative 


Although a land surveyor may be working under the pay of a client who 
hopes to profit by the expected adjustment in property lines, it is the dut 


of the | surveyor to approach the problem with the idea of determining actual 
facts regardless of the outcome. He should be of his 
results beyond a reasonable’ doubt. If possible, he should relocate the old 
boundaries regardless of interests or, conflicts ; but if facts | are not aficient 
relocate these boundaries, he should “report to his client the conflicting 
- evidences, giving that client the benefit of all clues, theories, and facts found ~ 
during” the investigation. Doubtful relocations can be settled by arguments, 


in Court. In conclusion, Mr. ‘Williams restated the duty of the urveyor 


"surveyor | is to find and report the His duties do not require 


im to become an advocate of but it is his privilege and 


tod defend the facts out in his report ba vai 


J, ML Hows, M. Ax, 
‘Peculiarities of Texas Surveys. —Recommending from other 


districts planning work in Texas should trust surveying part to local 
surveyors, Mr. ‘Howe gave as his reason ‘that, 


August, 1929.) SURVEYING AND MAPPING DIVISION 
4 
9 
x 
7 
q 
4 
i 
— 
— 
4 
4 
> 
- 
| 
te 
— 
ro: 
a 
— 


“Texas land line locatio so interwoven with Texas. lend: lew that the 
_ surveyor or engineer who depends upon the rules of the United States. General | 
Land Office will soon be completely | lost. Some one has said that ‘land 
surveying is an art and not a science > and if this applies anywhere, it certainly | ¥ 


Modern difficulties attendant the | surveying of lands are the result of 
nsoioval increases in land values. — In fact, according to Mr. Howe 


land when the first “surveys were had values of Jess" than 


chaining was carelessly done and the course was only approximate. 
; “Texas law requires that precedence be given to senior surveys, and many 
: of the conflicts in title are due to failure or inability of the later surveyors 

identify the earlier lines. Theoretically, the surveyor should be able to 

re-locate the. surveys by giving the senior surveys their distances thus 

on the ground the entire map structure; but original 

identified, hold over both course and distance, so that , regardless" ot 

. oe the recorded length of lines, when junior surveys are in conflict, the junior j 

- must give way. | When one appreciates that the early surveyors were working © 

ae. the grantee and not for the sovereignty of the soil, he can readily — 
eer understand that many of the early grants have lines on the ground considerably 
ee than the ‘distances | called for in the patent, and it is these lines that 


hold and not the ones called for in the field 

Y 
Conflicts of Errors. —Unfortunately, errors in bearings are as prev alent 


BO teed as ‘those in distance, ‘In Texas, observed Mr. ‘Howe, north is seldom true ‘ 


north. Most of the ‘early surveyors knew that the ‘magnetic needle had a 
declination, but. their ideas varied considerably as to its value. _ Surveys of of 
identical, lines in ‘the same county have ‘been known | to vary as much as 


“When the work of different tat ‘the result is what 
" = “24 a facetious Judge once termed the “Texas réctangle’, which he defined as 

‘rectangular parallelogram, no two. sides. of which are the same length 
no angle of which is a right angle’. mm Apparently, there was never any attempt — 
ot allow for earth curvature, and the change in length between meridians 
due to curvature | has to be absorbed in errors in course or distance. This, 
_ however, is a minor matter, as the errors in execution of the work are sufficient | 
to make curvature corrections negligible” 


— yor or Lawyer?—Mr. ‘Howe agreed with Mr. Williams that the duty 


Re of the surveyor is to find and report the e facts, and that he is not ‘required — 
to become an advocate, ‘provided the surveyor is working: for a State is 


mania: as a witness. On the other hand, when he is employed by a land | 


, he will be expected to ‘outline | the property and report to ‘the owner /. 
to how many acres he has a title, and just what lines he can actually 


wo . The surveyor, therefore, must have a working knowledge of land 


laws. He must be qualified to decide in the. field. whether he should follow 
a well and apparently well recognized crooked line, or ‘connect two 


1 “calls” are i inconsistent, he must ew 
one e he i is entitled to He ‘must. have a a knowledge of limitation 


in determining what weight give to existing fence. lines as 
J 


importance of ane consequent. limitation, is a_ constant 


source of trouble to the surveyor, but. rn in ibis more than com- 4 


: 
thei 
dec! 
The 
thr 
= 3 
thi 
we 
on 
th 
or 
— 
T 
a 
@ 
t 
4 
ii 
— 
— 
— 
— 


 jines of surveys. With established limitation lines the theoretical lines lose 
_ their importance and surveys become definitely solvable mathematical problems. — 


ail surveyor, as well as a fair prophet as to how the Courts will construe his 
- decisions. 1 The responsibilities are out of all proportion to the compensation, 
| the result that the younger men are ‘reluctant to: take up the vocation. 


through decay, are rapidly doing away with ‘the need for the old-time _ 
- surveyor, and his place will be taken by the engineer. This is probably, just 
q well, for, like the railroad locating engineer, the need for the 


GE NERAL DISCUSSION 


Brown, ‘Am. Soc. C. E. , asked if there was any State 


PARAM 


that required proper demarcation old grant lines” are determined. He 
was told there was none, and that the ) difficulty a: arose because the fixing of 


the land line i is usually a matter between litigants and, therefore, not binding < 
on “owners on the other side of the surve y. Thus, the State cannot ba 


the interest of of any ow wner who i is not a party to the litigation. odie sail 
One solution, according to Mr. ‘Williams, was to ‘build a fence -anywh 


on the land, and ‘if it remains there for certain periods of time 

to the particular statute affected, it it becomes controlling. one case, the 

3 owners built their. fence line so that 20 ft. of their land was: on the outside. x 


@ The adjoining owners connected their fences to the first one and the resulting: 


boundary as now become fixed beyond ‘the Power of change. 
Tn the opinion of D. L. Lewis, Assoc. M. Am. Soc. C. E., surveys in Texas 


are now less inaccurate than Federal surveys. ‘The surveys made by the 
4 old pioneers with the open- -sight compass were remarkably accurate considering 

the difficulties involved He declared he had been successful | in "following 


old land surveys -establishin lines between Kansas, Arkansas, “and New 
> 


‘ 4 Mexico, and it was his belief that in some respects ‘the old surveyor was a8 


good ai as some 0 the theoretical men. In the « eastern and northeastern 


making these in the and. part the 


if Chairman pointed out that 1D 


are The: surveyor cannot change the State lines title rights, « can, 
perhaps, by his methods of recording new surveys, make it easier for the next 
man to ‘find those corners. * * * In South Africa the law is that no title a 


can be given unless the records of that survey contain the Co- ordinates of 


the National T riangulation System of third- order accuracy.” yates 


The Chairman ‘then: called. attention to a statement made by 


 neau, M. Am. Soc. O. 
high a price that third- accuracy ‘was sufficient. The surveyor 


was Sdvised to look forward to an inereasing ‘demand for second- order ac 
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that in locating land on the Canadian River, a surveyor wrote the field utes, 


submitted them to this" Getieral Land Office, and they were’ and 
the land w 


re river, and assuming that it continued indefinitely i in the ‘same course, he went 


nto the safety of office and wrote out. the field notes for 116 sections 


the _words of Mr. asked did this, 


AIRPLANE SURVEYS FOR PIPE. 
"TRANSMISSION LINE LOCATION sal 


The major of airplane surveying, according to “Mr. Moir, is in 


large projects: such as the Antarctic Exploration conducted by Commander 


ti AY 
‘Byrd, and the | Patrick ‘Exploration in. Rhodesia which involves the mapping [ 


50 000 or 60 000 sq. miles of for colonization "purposes. In Canada, 


here are under way extensive exploration: projects for the study of 


electric development and for ‘the location of precious: metals. Such surveys 


are | also proving successful for the location of transmission lines in various | 


parts of the United States and Canada. | 


Progress of Aviation —The industry of aerial ‘mapping has become com- 


st 
in mercially important within the past ten years. In location and reconnaissance 


id _ surveys for transmission lines and pipe lines, there are considerable advant 


ages 
to be In ‘the words of Mr. Moir: ag 


‘ 


This feature involves many influence the cost of construction. 
values must be considered, and because of peculiarities of. 


property ‘owners such values may vary most unexpectedly, so that very often 


BE 


ii I 4 

detour may require a sudden change of plans. 

Value of Reconnaissance.—As Mr. Moir remarked: 


‘id “Experience shows that the cheapest lines are those which have Ga 7 


—* amount of reconnaissance work. Hasty decisions to construct, li 
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property trends. The obstacles to be overcome are frequently _ costly from 


the ‘dollars and cents’ viewpoint, not to mention strained public relations.’ 
The aerial map offers a means of telieving the situation. ‘By i its proper 


use a great many obstacles can be > anticipated and preliminary measures can 


Methods of Procedure. Mr. Moir ‘deseribed in detail used for 


Photographing the proposed route of the transmission Tine. For example, 


tall roads” along the proposed route. of the t 
be competent field men, taking notes on unusual field conditions. They abiiia 
all the information possible about local people, and all the available data 
regarding the country are assembled. Property | holders’ are listed and | special 
eatin is paid to individuals who might oppose the line. In the meantime, 
- Court-house deed searchers can be obtaining copies of the deeds of property. 
_ This deed data are all assembled and plotted on to the photographic map, thus 


showing the bounds and ownership — of every parcel ¢ of property which the 
transmission line is to cross. 


Mame intensive study of the aerial map now can be made to select the best 
for the line. is at this’ ‘point that an aerial map is perhaps of 
greatest value i in eileen tin w ork, for it permits one to have a picture 
of the line in its entirety, to aid in making decisions and selections. The — 
_ engineer ean readily balance the advantage or _ disadvantage of a detour in. 
_ ‘respect. to the whole line. In other words, he has before him, at all times, 


a picture. of the entire project without which it is extrem mely difficult, to. ear < 


alize the true evaluation of detour in the line.” alt 
aa 


‘3 Use of Aerial Map in the F —The next step i is to provide bel 


are then taken into ‘the field 80 o that the tentative route can. an thoroughly 


completely inspected to study construction features. 


or ‘instance, according to 
q 


‘“ 


has. that there are many cases where swamp q 
-_ gonstruction is not nearly as expensive as the construction department will 
ot insist, and it is often cheaper than purchasing adjacent upland property. All 
these ‘factors must be balanced, one against the other, and with an aerial map 
n the field, the reconnaissance engineer can sketch on to it, the limits within | 
hich the route can be re- -arranged to take full advantage of construction and 


b 


tres Completing Map. —The next step: is ‘to ‘bring the’ map ‘into the office wher 


‘the necessary corrections are made on the office ‘map. 1 The aerial map is -espe- 


cially valuable in making deed adjustments, because s such 2 a map will often ae 
show a brook, a row of trees, a stone , fence, o or other natural objects, \ which 


“After all the property data have ‘been plotted, the right- -of-way center 
line can be ruled in, also the lines showing the width of the right of way 
~Tracings are then turned over to the real estate department to be used in 


With this map completed, real estate men w ill be i in a position to discuss 


individual problems with owners, and when the right. of way has been | 
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ean jalan a saving in time hae 25 to 50% of that required by means of ‘com- 
ground methods. Mr. Moircited, = | 
_ “One very striking instance of a 40- mile line, on which at least one — 
‘sina time of a surveying party was saved, and the work of title examination ~ 
educed about 25 per cent. In a congested territory, the property values are {J 
ery high—$60 000 per mile was the cost of right of way alone. A 2- -day study — % 
of ‘the aerial map was more effective in laying this line, than a month’ s 
t meg on the ground would have been. At least one-half the ground curveying 
for the line was eliminated through the use of the aerial survey. | 


— “Tn the matter of title examination comparing work where no aerial map 


ris Accuracy.—Declaring that such maps are accurate and reliable, Mr. ee 


pointed out that: sod gt gi ap, baw bab ad 


Accuracy is only. As you all know, ‘the. of accu- 
racy, both in field work and in plotting, probably rises as the square of the 
‘increase, so that, in all survey work, it is necessary to decide what limit of | 
ecuracy is required so as to keep down the costs as much as possible. In 
the: congested areas of our country, aerial maps with a maximum error of 
1% may be required. On the other hand, in the less populated regions, such 
- refinement is not necessary, and a map made from uncorrected photographs 

erves the purpose quite as well as the more refined products. In aerial sur- — 
eying, as in ground-surveying operations, instrumental errors of every kind 
must be guarded against. The aerial method, however, being largely a hour oy 


of 1 in. ‘equal to 400 In open country, a a scale of ft. to) inch 


4 


he Stereoscope. —A 8) 


4 


us country. F Iti is a ale possible to check the accuracy of the contour lines aketched 
in the field by this method. ih brief, ‘the stereoscope has proved so ‘valuable 


it is 1 now considered, essential part of the equipment in both trans-_ 


P 


of pipe lines is in = 
acquired with the least ammount of public resistance. “Errore of on 


- the part of a locating engineer can be avoided, Mr. Moir ‘stated, by u using a 


method which: ev ery foot of ground to be covered by the proposed 


addition to being of value to the locating engineer, the photographic 
map reveals to the construction engineer, and to the maintenance superin- 
information of which they would remain in ignorance without 
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measure of control 1s obtained through the relative scale desired. 
: “ge This will vary with the type of the country to be mapped, the details required, : Be. 
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‘Mitestal savings “effected in initial construction and hazards 
ro maintenance and construction reduced to a minimum. A saving in the © 
length of the line, as well as the price of right of way may reasonably be 

7) 7 Experience has shown that where field parties have failed to locate 
"a ‘the best opening in rough country through which to take a line, the aerial 


feceunile advisable for the locating engineer to make a previous observation 
y with the map pag over the area to be surveyed. bilities 


grasp of his of location and the requirements of his line.” 
Incidental Helps. —Summarizing the advantages gained, Mr. Moir decl 5 
“The photographic map furnishes a wealth of detail, such physical 


obstacles which must be avoided, industrial developments, difficult stream 
- erossings, or hazardous swamp areas. The permanence of the selected location - 
may be judged from a close study of the surface river banks, 


4 vidually distinctive character. pipe- -line right- -of-way man derives 
- benefits from the aerial map as the transmission-line engineer in obtaining — 


rit 
In conclusion Mr. Moir called attention to ‘the fact that in Canada large 


trees are often used as corner posts, and that woodsmen have become adept i in 
finding these trees with the help of airplane photographs. With the aerial” 


survey, ‘ ‘it is possible to pick up old roads that have been forgotten, and with a os 


little brushing up of the old lines, ‘put them to use.” The aerial surveying 
industry has developed so ‘that the best and most adaptable features of photog- 


and the ‘manufacture of cameras as 3 welll as the manufacture and 


emphasized by Mr. Brown: _ 


detail that is shown on the produced maps. The disadvantage is the 


1% congested areas, it was Mr. Brown’s s opinion 


yey 
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ae ns y sing s in connection with topographic surveys was — 
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Py, | i a method is more or less costly than other methods, because the economies wi has ; 
oo vary with the particular work to be undertaken. Referring to accuracy of § 
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AND 

Where the area is hilly or mountainous, the distortions within the smlbriseal 
photographs will be considerably greater so that an accumulation of a 

_ Varying from 50 to 100 ft. per mile may be expected. Unless this condition 
ean be remedied aerial surveys are only good for reconnaissance 

_ The surveyor of 100 years ago had an advantage here for he had no trouble — 
in keeping his errors down to 5 or 10 ft. per mile. The modern surveyor has 
a low standard indeed that allows errors greater than 1 ft. per mile.” — ae 


eae : There are two distinct spheres of activity in this line of | w ork: One, that of a 3 
3.35 


the engineer, and the other, that of the photographer. be Many failures in 


past have been due to not ‘recognizing the division of the work between these 


two. _ The adaptation of this method of surveying to topographical | work o: offers 3 


y on arge areas. iv, 

—An the ‘method of rocedure, as iven 


Brown, was as follow 


_ “First, a controlled mosaic is made on plane- table sheets, 24 by 30 in. -in 
Ay size. In order. to get an accurate control mosaic, there must be located over | 
_ the area a number of points that show on the photograph. | Co-ordinate posi- _ 
tions of these points. must be computed and the points: platted on the plane- 
table sheets. The photographs are then brought to proper scale in agreement 
with these platted points, and made into a photographic base map, upon which 
the co-ordinate lines are drawn. The plane-table sheet is then ready for the 
field where the contours are located by stadia vertical angle methods. 
_ “The topographer starting from a known contr rol point, carries” a J 
uous traverse for position and elevation, at the same time checking the accu 
racy of his photographic base map. ~ This map also serves as a check against 


2 x : mis-read or mis-platted rods. If he ‘reads a rod at a stream fork or fence line, | 


or other definite feature, and it does not agree in position with that shown a 
on the base map, he checks his reading and either discovers it to be his error fe 


or picks up an error in his base map. If the photographie base > map p has been 


_ proper y controlled and made, the error will usually prove to be his own. mS ‘ey 


of field operation is apparent. He does not have to read 


rod, for such details as stream and road location, buildings, or other objects, | 


but only takes rod readings necessary for controlling the contour location, and _ q 


_ checking the base map where he thinks it advisable. The field work is reduced i 
at least 50 per cent. . The resulting map has better expression of contours ; and 


etails of stream than could an obtained for. fhe, a same money by any ethan. 


piacuas 


Light ‘Company, ‘Bin: an interesting 


discussion of practice in Texas as regards the location of transmission ‘routes 
by aerial surveying. This system has been i in force for about five years, dur- 


ing which time from 300 to 1000 miles of transmission line have been built — 


In ‘Texas, dative change i in altitude is small, and it was found unnec- 


the extreme refinements. of establishing ground 
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mission- that the stretch is approximately. 
wide. . In addition to the airplane photographs, it was necessary to make recon- — 


| i ance by combining all the available maps so as to get general contours of es 
; This ‘map “was § given to the aerial surveyor who flies over the: 
area at a height of about. 3 000 to 5 000 ft., and sketches what appears 
‘visual observation ‘to be the preferable route. e. Then, the photographer flies 


with the pilot and takes pictures of the entire proposed route. The photo- 


graph 1 is converted into a simple 1 mosaic on n stiff be board, that 


ested ‘as project and in survey is called in and suggest 


"improvements. The result, according to Mr. Thomas, is very satisfactory. 
Finally, a line tracing is made of the location adopted, and cai is sent to the 


‘field and the line is staked out. 


» 


_ Limitations 
Ww ith varying 


is not a cure-all and it is not a for all. ma 
_ ping, but it is a method which, when carefully used, after forethought and the 5 

exercise of good judgment, can be very helpful to the engineer whose respon- a 
sibility is to locate such h details o of construction as transmission lines, and, ‘no 


In two or ‘three of careful of photographs, 


‘Mr. Thomas, it. takes time to learn ‘to read photographs and 


Ww with judgment. He found that a new man can in very quickly. 
Records for. Future Use 


is originally intended not require ‘elaborate e ground- control surveys. The 
“result is that, in later years, when it becomes desirable to use the airplane 
‘ surveys for more extensive work, , they are rejected because they cannot be tied F 


n with permanent monuments on the ‘ground. it was ‘suggested that perhaps ees 2 

it would be possible to simply mark out permanent points on the ground that 

would become recorded on the photographs. Later, these points could be 


located for the ground- control s survey if work of such importance as to Poewnnnnes 
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this method have met 
a ees of success, and a failure was usually caused by lack of ac a 
preparation. Mr. Thomas declared that he had found aerial photog- 
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_PAPERS AND DISCUSSIONS 


is 
SILT TRANSPORTATION | nigh 
SACRAMENTO AND COLORADO RIVERS 

AND BY THE IMPERIAL CANAL 


‘By C. E. Grunsxy,* Past- ‘PRESIDENT, Am. Soc. C 


‘material by ‘the ‘Sacramento and Colorado Rivers and by the . e Imperial Canal, } 


with inclusion of the results of personal observations, are resented in 


Repeated surveys to. determine the frequent changes in the elevation 


the: bed of the Tmperial. Canal in its DPA reaches, and the removal of larg 
quantities 
tional opportunity ee estimating the volume of silt transported by. th 


including its bed load. | ~ Over a a period of 23 years the available data indicate © 
: deposit followed by erosion to have averaged in) excess of 500 ies y 


‘month, , with a canal flow of about 2.000 000 : acre- ft. per year. es 
pre. The suspended load of silt i xe the Colorac : 
unusual care at Yuma, Ariz., y the U. ‘S. Bureau of and. an 


analysis of the observations to explain the distribution silt 


throughout ‘the CTOss- -section of the river, the varying quantities of 
cf different stages of the ‘iver and at different times of the year, and 1 the ma 8 
‘transported during the period of ‘observation, since 1909. 


Osserv ATIONS ON SACRAMENTO Riv ER, Cauirorsia 
Barly. Gouging —In 1879, one of the gauging stations o 


station a program was by. the State : a compre- 


Cons. ‘Engr. (cc. Grunsky Co.), San Francisco, ‘Calif. 


ey The writer was on the Engineering Staff of the State Engineer of California from oe 
. He wasa to ‘me irrigation District from to 
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dependable rating curve to — of : 


The i instructions covered dete 
the necessity for sounding might be avoided ‘when gaugings 


Additional eross- “sections 100 ft. above and 100 ft. below the 


river dimensions over a 200- ft. float The gaugings were, 
made at a fairly” high stage (15 to 2 20 ft. above low water) 
were measured both. with current meters with h floats. 
The. ‘equipment included a catamaran, constructed of two rowboats about 


apart, united by ali light On this deck there was a simple struc- 


and velocitie 


4 


x crank and was used for lowering and raising a weighted frame that aided 
hi the current meter. fA With this outfit there was no trouble in lowering the 


vie meter to any desired depth and holding it there. A: stay- rope. from a boat 
es 100 D ft. up stream held the meter frame vertically beneath the catamaran. In 


happening to the bed of the river, and, therefore, a systematic study was under- 
aken determine the extent of the changes. F rom day to day soundings 
were taken in longitudinal lines about 50 x apart, ‘each carefully located. 


the end of each line the control boat was secured by two 


ion was definitely determined shore. 


covered diced d 400 ft. up stream anid’ 100 ft. ‘auwh stream from the gauging 


‘Hydraulic Gradients. —The cross- -sections in Fig. show that the con- 


figuration of the river bottom, which is a straight reach at ‘this point, was 


ineven constantly changing. The material in the river bed was clean’ 


¥ 
sand, most ‘of which was fine enough to pass ‘a 40-mesh sereen.t 


ae The gauging work was intended n ot on nly to measure discharge, but to 


a dependable. value of n in Kutter’ ’s formula. Consequently, a care- 7 


ful observation of the river ‘slope was ‘to be made. Gauge rods were set at 


the gauging station and at points about 4000 ft. up stream and a like distance 
co down stream and, for days, readings of the water- ae a at these 


a 


the water surface was constant! 


words, that would 
not Sanaa represent the river gradient, but that this gradient would have 


* See Report of Commr. of Public Works, California, 1895. . Contribution iy writer. 
is the writer’s estimate ; no actual determination was made. 
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ned from a long series sof ‘observati ions. 


e River Eccentricities. —An anchored rowboat, unattended, was” swamped | by 
accumulation of reeds and other drift. on its anchor ropes. Strenuou 


orts of the whole available c crew, , assisted by a a launch, could not free it oo - 


efforts o 
its sand grave in mae bed of the river. It ‘was never recovered 
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pad Oat (a) CROSS-SECTION 200 FEET ABOVE GAUGING SECTION 


_low Water 1878 


art 


‘CROSS-SECTION 100 FEET ABOVE GAUGING SECTION 
CALIF., IN 1879. 


IN ‘THE SACRAMENTO RIVER AT FREEPORT, 


current (of. the Henry type), reporting every 


clicking sound, indicated a decided pulsation of the. current which 


to the e effect of the in the water. whirls 


- “Boils” were frequent. at the river’s highest. stages. ‘Under the influence 
an “upward current, the water would over a ‘circular area ‘generally 


4 
to 20 ‘ft. in diameter with a maximum superelevation of about 10 in. at 


the center. bat While no cause was ascribed to these boils at the time, the. writer 
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Origin nally, the water was clear low stages and 1 never very 


‘that they must have been t 
ielding considerable a area of river be tom.* action 
in the river bed into which the water plunge is deflected upward, and becomes 


manifest at the surface as a . “boil”. On the Sacramento River the boils 

observed | by the writer occurred at points wh where the depths were 20 to 0 30 ft. eet 

nd at velocities in mid- stream of 5 to 7 ft. er sec. Her strea: 
the, In 1879, during a high-water stage, the piles « ofa a a dolphin above the South- botto 


December, 1890, the Paine Crevasse occurred below the 
opposite side of the river. _ Soundings above this point revealed a a tremendous 
scour due to accelerated More than 2 000 000 cu. yd. of sand hi 


4 
been scoured out of a 2-mile stretch of river r within one day. = In mid- stream, e: 
Me about opposite t the down- -stream edge of the crevasse, w where there had been 20 ; 


ft. or more of water before the > breach in t the levee, t the > OATS: touched bottom 
in rowing; - and a few days later there was again deep w water at the same spot. 


fall of 1878, in the mouth of the American River just above 


During ‘the winter freshet ‘this sand- bar was wept out, 
ary in the spring of 1879, during a protracted over- -bank stage of ‘the | 

a new deposit was made, level from bank to bank, completely obliterating the 

low- water channel. Through this new deposit, the falling 1 river | cut a chan- 


nel along the north bank a little later, no trace ace of the low- -w rater 
e channel of 1878 along the south bank was left. Ij It was estimated, at the time, 


that these - riv er- -bed changes ‘represented a delivery of more than 3 340 000 cu. yd 


of sand from the American into the Sacramento River, not including that 


se Thus, under certain conditions, the configuration of fairly large sections | 


river bottom may be quickly changed. Every such change, 1 moreover, 


_ dences a rapid down- “stream movement of sand in the river er bed, probably by 


saltation of the the material which, water s stages, travels in 


— the | hydraolic that were its 


tributary streams until about 1880. ‘The: accumulation below the 
the Feather River. was large. _ This is clean end ‘of a medium fineness. 


on at mid- depth (still far i exces 
was about 0.1% by weight river, “undoubt- 
edly, carried much more ‘material i in ‘suspension ‘some years before, during the J 
greatest activity of the hydraulic ‘miners. afer. bs 


Report of Examining on Rivers and Harbors for California, 7-890, P. 
4D + Deseribed by Dr. Gilbert, Bulletin No. 86, U. 8.6 
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ere heavily charged with They orig- 
Sie.ssawd, the Great Central Valley of California in secondary valleys 
flanked by the higher (so- o-ealled “valley” plains. Their well-defined channels 
| meandered through : fertile bottom-] -lands; but t] the large volumes o of sand dumped 
into o the mountain reaches | greatly wigutniel Ge. transporting power of | these 
streams. ‘t ‘The natural channels i in the secondary valleys were filled and the 
bottom- lands, too, were covered with a layer of clean sand. Fc or example, in 
1880 the Yuba River where it entered the main valley had obliterated its = 


and had covered its bottom-lands with coarse sand 2 to 3n miles in width. It — 


ran wild over the surface, , behaving like all rivers when the ‘supply of sand 


exceeds their transporting power and over broad : areas in shallow, 

channels. 


hy, was the first ‘thought, had 


it and filling h hous almost to the tops of the waneeeye “The answer is son 

to bank. On the other hand, streams ‘carrying bat ta 
narrow ‘channels. Whenever there is more material presented toa stream for 
transportation 1 than there is capacity | to transport, the. stream \ will flatten out, 
increasing its width and reducing ‘its depth. | Thereby it increases the ares on: 
of bottom to sand traction and to “scouring and correspondingly 


increases: the volume ¢ of ‘material pushed along as a bed load. .* Many of t the ae 


inges, —By the a accession sand 
and the American Rivers), during the period of 
hydraulic oe activity, the bottom of the Sacramento River was raised iy 
progressively vu until about 1880. For some years thereafter the river b bed near eis 
Sacramento was at a higher elevation than the water surface at low- -river r stage : 
had been under natural conditions. In Fig. 2,+ which shows this condition, 


‘zero point on the gauge is 3.8 85 ft. above low tide in n Suisun Bay, or 4.35 85 
above low tide in San Francisco Bay. fi From 1849 to > about 1860 there was a 
rise and fall of the river at Sacramento due to tel ection | (during the river’s — 


a 9 in., ‘and about. had disappeared. 
The | low- water stage at Sacramento Was zero on the river gauge as late as_ 
1856; 5. 5 ft. in 1878; 7 ft. in 1880; and 8 ft. in 1889. — It reached 10.5 ft. in 


“The los bed erosion began ; ‘the material transported exceeded the supply. 


gee 
Although in Sacramento River the low stages of. reotent 
to the reduction of the low- -water discharge by diversions | 


For discussion of detrital material delivered into the rivers of the Sierra Nevada 
_ Mountains, California, by hydraulic mines from about 1853 to 1881, see “Hydraulic Mining © ' 
 Débris in the Sierra’ Nevada,” by Dr. G. K. Gilbert, Professional Paper No. 105, U. S. ed, 
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ARS — 1890 and reached the river’s outfall tibet about 60 miles farther down 


y High Water Dec. 12, 1889 __ High Water Feb. 3, 1881 + 


High Water Feb. 21, Right Bank 


Low Water 1885 
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- Fic. 2.—Cross-SEcTION oF THE SACRAMENTO RIVER, AT THE Foor or 
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Physical Characteristics. —tThe rivers of the southwestern part of the 
United States are in a class by themselves. the Colorado i is 


River, the water ‘looked like chocolate as it is served. 


eae glass | of water dipped from the surface, 3 to 2 in. of sediment would sal 


determine its suitability for making | brick. clay. 


ore material was practically all silica in very fine particles. , by. 


In this part of the river there are alternate gravel- bars and deeps. In- 
Tesberg Canyon, a few miles farther up ‘stream , where the bottom is a 
gritty sand, the river is less than 250 ft. wide at its low stages and ‘ 

to 5 60 £ ft. deep. 9 Here and there in broad bars fine river silt is found. / Some — 


is mud and clay- like in . character, shrinking and cracking ¢ as it loses moisture; 
some is fine sand most of which will pass through a 100- mesh sieve. _ Wet bros) 4 


Bhs Where the river formed its its great eddies the bottom was -eovered with this 


fie sediment. A loose log: boom circulated for hours ins such an eddy, several 
ae - hundred feet in diameter . While recapturing this boom an attempt was also ! 
i 8 made to 0 recover a §-in. wire eable.. _ Although a small scow was available and 


a strong ‘pull, practically 1 vertical, could be exerted, i the cable could not be 


rm 


surface until its cohesion “was broken its 
nite 4 


was ‘momentarily that | of a liquid. _ Over considerable areas of the bottom 


there were constantly occurring sudden « changes of bed elevations as blocks of 


noel aime), 
and would Tis nd . 


to channel’ enlargement by dredging at down-river 
for irrigation, and a ij theless these data indicate the passage of il 
points for levee material, never 
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Silt Sad of the! Colorado \Riser: and the Imperial Canal |—The 
now available for study consists of (1) determinations of the quantity of silt 


in in carries Colorado River during 


of the silt. j in. suspension in the Colorado River at Yuma, 


character of the canal’s suspended | load of silt. On the other hand, the 


constantly changing to ‘carry. water._ Incidentally, 
served also in making 2 a first estimate of the volume of material periodically. 


of Canal.—The history of the Imperial Canal is available else- 
The canal had its ‘original: head in. California, at Hanlon’s, about 
. up stream from the International Boundary. It left the river at an 

angle and the flow was s controlled by a wooden structure. During» 

the falling stage the head of the canal and the gate were obstructed by deposits 


| operation of the canal. cal 


to on Mexican this was granted a a new 
connection. with the river was made just paralleling the bounda 
Fines but this too, was choked by ‘silt “deposits. As a further relief measure 


another: connection was opened about. 4 miles south of the International 
Boundary» ata point. where the river and canal were only a about: mile 


4 


apart. The diverted water was allowed to flow in this cut without regulating 


works, re result was ‘disastrous. Erosion at an increasing g rate, and, later, 
failure to check the increasing flow, resulted (N ovember, 1905) in a complete 
deflection of the Colorado River from its original course, and the formation 


‘the Salton Sea. .wolt lo fin bag does 
oy ix the light of these facts and because silt conditions in the: laterals and 
‘distributing ditches of the Imperial Canal System were giving increasing. 
it w as found desirable (1916) to provide | means removal from 


eal ‘suction dredges operating in the head 
a of the canal were cages yi in 1918 and another in 1919. A third 


jag suction dredge was later put to work in. the canal just below the Hanlon ‘Gat 

all. convenient. ‘dumping space was filled, the dredged material wa 
 * In oo-operation with C. E. Tait, U. S. Dept. of Agriculture, under the supervision of “ 


the late G. G. Anderson, M. Am. Soc. C. E., and the writer, Consulting Engineers, Imperial 


+ Proceedings, An. Cc. E., 1927, ‘Papers and p. 2183; also, 
3 ee t “Irrigation and River Control in the Colorado River Delta,’’ by A. vt Cory, M. Am. Soc. Vg 
Am. Soc. C. E., Vol. LXXVI (1913), p. 1204. hue 
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It was quick _awept 
ane: 
Conditions 
reach of this canal the magnitude of the changes which. must taking 


place. in ‘the unstable bed ‘the Colorado: River, can be inferred. Periodic 1 


surveys of the canal bed showed that at certain seasons there was a pronounced 


1 endency to build up the canal bottom by silt deposits and at others a tendency _ 


to cut channel. - During the years covered by the silt studies the flow of. the 


canal ranged from a low-water stage in winter of somewhat more than 2000 _ 
sec-ft. to a maximum at the height of the irrigation season—June to August— — 
of between 5 000 and 6 000 cu. ft. per sec. The total annual diversion ranged q 
from about 2.000000 acre-ft. to more > than 2 500 000° acre-ft. The sides | - 
bottom « of the canal to an unknown « depth consist of the same fi fine silt that is is 
carried as a bed and suspended load by the Colorado River. 
Studies | during 1917 and 1918, in co- operation 1 with the U. abides 
: of. f Agriculture disclosed that the material deposited i in the canal and found i in 
its bed and i in the beds of its various branch canals, is fine sand. ‘This i is an 
- in Table 1. _ Attention i is directed to the fact that the sampling | of the ‘material 
or bed of the Main Canal at the Hanlon Gate o1 on one occasion Guly” 15, 
1917) showed in 1 relatively « coarse sand, , 88% caught o on a No. 40 sieve. pila’ a ft 
and Structures.—At that time e the. Imperial. Canal partook in 


_ large measure of the character of a natural stream. * The water « diverted from 


the Colorado River was carried for 4 or 5 ‘miles in a -dredger cut and was 


1e eovered by Mr. Peck’s ae 

water cesar the canal through a cut which functioned as an arm of the river. on 

ater ‘stages, generally from ‘March to July, partition of the water 
_ from the viver: to the canal intake took place just as at a point of separation of | 


a narrow ‘from a broad delta channel. . At low~ “water stages the flow in the river 4 
‘channel was checked by a temporary weir of rock cor brush. Then ‘the: canal 
took the e major portion, and occasionally all, of the river flow. 

Until 1918 this water flowed i in an open cut or reach about 1 700 ft. long to 
the Hanlon Regulating Gate, a ‘concrete structure with eleven « openings oa 

trolled by Taintor gates. 1918, the Rockwood Head-Gate,+ about 1} miles 
oA: above the Hanlon Gate, was ‘completed. rh It is a structure of concrete with © 

seventy five o openings controlled with ‘flash-boards. The “Rockwood Gate 

replaces about 600 ft. of river bank, its s up- stream face | being set back only a 4 

few feet from the original bank alignment. “Hone 


‘The natural turbidity of the | river at the head of the Imperial Canal, 


i should be noted, may have been disturbed, in some measure, by the flow and 


sluicing control operations at the head- works of the canal of Yuma 


Reclamation Project, which are at the Laguna Dam about 20 ‘miles up stream 
Before the diverted water enters the Yuma Canal, it flows through a ‘settling 


Transactions, Am. Soc. C. E., Vol. LIX (1907), p. 1. 
Am. Soc. C. E., November, Papers and ‘Discussions, 2185. 
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we Prev) De RMINATION BY Mr. J. E. PECK 


"PERCENTAGE OF MATERIAL Cavan 
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CANAL J AT THE HANLON HEADING. 


March 28, 1917..... 0.08 | 5.34 117.58 |59.81 
May 6 G01 5.08 /48.59 |16.90 17.07 
2.65 {12.09 20.88 83.40 20. 58 1.34 | 4.26 


July to December, 1917 | og. | 2.65 0.23 | 0.46 | 6.08 | 6.08 3 69.66 


08 | 100. | 2.68 | 0.02 | 0.22 | 0.44 | o-6 1.70 [e+ 47 |82.15 


"June 917, t July, 1 | | 2-68 | 0.10 0.02 


we ‘ 4 CANAL AT Mrrer Brine 


= 


- March, 1917, to February, 1918........| 7to9 Ls. 94. | 2.66 ¥ 08 | 0.08 | 0.34 | 1.43 | 3.73 |68.19 |25.98 


June 8, | 98. | 2.67] | 0.40 00 10. 10 |17.55 |47.60 |21.90 


> 


7 


1 , 1917, to February, 1918. 0 99. | 2.67 038 [oso 47 


P18. 
on July, 1917 to ‘February, 1918 


= 


farch, 1917, to February, 0. 01 0.05 


2.65} 


June, 1917, to Feb ry, 1918.........| 5807 98. 
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e dam. The sluice- are opened | one day a week, when for the 


No correction due 
condition any y of the determinations | of suspended sil 
_ in the canal by Mr. Peck, or in the river by the U.S. Reclamation Service. © 
Ss ilt Loads.— ~The of the observations on the canal are chiefly valuable 
_ in sh showing that the water supports and carries | its “suspended load throughout E 

‘the « entire length of ‘the canal. ‘Sometimes there is less, § sometimes a little» 


more, in 1 suspension at the head of the canal than at points 20 to 40, 


ondition persists through ‘enting length of. the ‘canal. 
1914, the samples at the hea d of the canal were daily from 
“turbulent, water below the Hanlon ‘Regulating Gate. . The purpose was to. 
‘gravity of the silt in the canal and the voids in the 


ary conversion the be ad of a load i 


fo of a standing wave. This i is noticed in streams | of moderate | 


flowing in beds with fine sand bottom. “It differs ‘somewhat from the “boils” 
noted o n the Sacramento River. It is common phenomenon on the Lower 
Colorado. It represents a violent, sometimes fairly long- sustained attack on — 
the x river bed. « Sand is running” > or “ a sand wave is ‘moving down stream”, 
are phrases locally applied to this phenomenon. A standing wave is noted at oe 
the up- “stream end of a disturbed area similar to. that caused by a broad ad 


7 * wa submerged snag i in the river. ‘Down stream the waves decrease in height, but 


net extend over a gradually widening a area and usually ru run out within 100 or 200 
Such a disturbance appears to the eye to be 


is, i in a fact, fairly stationary. Undoubt 


depression which disturbs the steady flow of the 


ually lose height and finally disappear when the is to 


original level | by the river’s bed logd. The phenomenon is undoubtedly the 
} result of the “anti- dune” | movement of the stream’s bed load which ha 


ih 
Tue Br Bep Loap in THE |] Io PERIAL 


Special Study. Tiver’s “suspended of silt can readily be 


_ mined by taking samples ¢ of the water ata sufficient number of points in any 
-cross- -section. The problem of ascertaining the bed load, however, is a 


one the engineer must usually be content with some ra 


that, because ‘somewhere else ‘the bed load of a 


e conditions are similar. There is no limit to the range of this relation. Near 


basin _so arranged that the deposited silt ca f 
ee 
om 
— 
— 
— 
tem- 
— > 
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one > extreme there are comparatively clear rivers 


cobbles” and. ‘gravels; at the are 


study of new poe of earlier by writer to 


ascertain whether changes the elevation of the canal bottom during 


number of years would “throw “some. light” on this’ subject. ‘The stretch of 
canal s select extends: down stream 18 000 £t.. from 1 ‘the Hanlon Regulating i 
- Gate w which, as explained, is about 1} miles below the Rockwood bel in Aaa : 4 


3.— AVERAGE ELEVATION or Line AT DEPTH, IMPERIAL CANAL. 


Seasonal Change was found that in ‘the epring while the river was: 
rising from its low (winter) to a ‘high (spring and summer) > stage, more org: 
x was deposited in t in the canal than its water could ‘transport. ~The canal bed, 
at least in its ‘upper stretches, rose to a highest position in J une and ° was 
lowest winter. Considering only the selected 3.5 miles canal, 
this rise, to the “deposit in the first four or five mont s of the year, 
4 ranged from a ‘minimum of 1 ft. in 1912, to a maximum n of 4.4 ft. in 1916. 
Thereupon, generally beginning in Ju une | or J uly, the same stretch of canal \ 
was deepened by erosion ; the amount of this deepening was about 3. 5 ft. in 7 
1911, about 2.1 ft. in 1912, and about 2.7 ft. in 1915. These changes in ; the 
average elevations of the canal bed are shown diagramatically i in Figs. 3 and 4. 
On these diagrams each point represents: average elevation: of 


_thalweg or of three parallel lines "representing the canal bottom for the par- 
ticular stretch of canal as marked. These curves bring the information 


a 
August, 1920] ANSPORTATI — 
at transport a bed load 
4 differing but little from that carried in suspension. Realizing this fact, 
— 
| a 
he Ockwoo rate the canal 
water Howed trom the river through this upper gate uncontrolled, but in the 
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SILT “TRANSPORTATION 


head of the canal modified the conditions. 


As was expected, these studies h have ‘thrown some light on the rate, of the 


ed-load movement of the water. appeared obvious that an increase of 

deposit represented accession of silt from up.stream, arriving as bed load or 

as dropped from. Suspension, and that erosion represented depletion 


in material up stream: and temporarily coming 


Feb. Mar. Apr. June July Aug. Sept. ike Oct. 


These 00 


silt. per month were being ‘deposited, tempore, in the canal 


could not be ascertained, but it was to be large. 


{ 


| 
tn 
— 
— 
me 
— 
about 2 in. high and traveling slowly like sand dunes. The | 


particles r oll up over the into the troughs.* 
Occasionally, would take on disturbed for a time 

probably denoting temporary instability. of “anti- dune” sand traction. 


The annual water delivery. of the canal - the time of these studies was 
about 2 000 000 acre- -ft. The water slope was about ft. ‘per mile, and the 


mean velocity about 3° to 4 ft. | - per sec. The silt in suspension ranged from 
about 0.33% | ‘to more t ri 1% by weight, and averaged about 0.8 per cent. 
ts Dredging Operations. — —In 1918, the canal head-works were modified, suction 


_ dredges were installed, and dredging from ‘the canal bed was commenced. 
This intercepting of the silt not only improved the regimen of. the canal, but 


a also reduced the cost of canal operation, by obviating the more expensive 


removal of the same quantity. of silt ‘from. down-stream sections and f: 


ton 
Posi Are Oubie yards of silt excavated and Average per month, 


__-Femoved from tt the le canal. in in acre-feet. 


000 
‘Total, six months.. 


353 bas. ail 
xg OF 1 724 300 ; 


¥ 
8 686 900 
go! 
688.7000 to be sia 


134 400 ———— 


~ 220 300 


peed 


otal, six months 


The silt thus removed is noted in in ‘Table estimates” of vol lume 
were made from samples. of the except. during the early 


maugust, 1920) 
= 
Cawal. 


of dredging when the spoil used j in filling low at the | hea 


-canal- bank On the plea of the amount of 


Danie the large aggregate volume of dredging involved (nearly, 15 2000 


Certainly, the dredging was beneficial, and should not have stopped. has 
since been resumed for a few months in the year. While it is not quite clear a 


w what effect this’ dredging had on the lower reaches of the canal, ‘it is certain: 


- that if the large quantity of the removed silt ha d been allowed to remain in 


as “the canal it would have traveled down stream to the. _ annoyance of the canal 7 


a8 management and the inconvenience e of the farmer who is constantly receiving 


excessive quantities: of silt with his n muddy irrigation water. 


int the he upper canal re reaches, even before the » dredging co commenced, n 
epening 1g of the canal was noted. _ Thus, for example, the mean ‘elevation of 


e canal bottom during J anuary and about 2 ft. 


than j in the corresponding ‘months of of 1917. i 
the last half of which silt was remove 


dredging, the average lowering was also 2 ft. In 1919, the bottom 
of | this upper canal stretch was further deepened about 2 ft. This is to be a 


ascribed to the depletion of the supply of silt by dredging and the continuation © 
of bed-load movement. There was some restoration of bed elevation in 192 0, 


the canal bottom being at about th the same position in August and September 


as in the preceding year; and then, despite cessation of the dredging opera- 
tions, the bed was lowered several feet to a position early in 1921 about 7.5 
S a: . lower th than it had been in 1917. Some of this lowering (Figs. 3 and 4) 


no doubt to be ascribed to the dredging in the head reach of the canal. 


is that the dredging did not relieve the canal of its 


dredged sumps" in the head a the canal did not. all the silt 
i over the flash-boards of the Rockw ood Gate. it now appears that even 500 000 


ie. cu. yd. j per ‘month ‘(the average quantity removed for 23 years) does not rep-_ 


“ WE resent the entire load of fine sand carried as a bed load by the canal. _ How — 
much more was being transported is not, mown, and no entirely satisfactory 


silt per bed o the ‘canal for 24 years, and than 400 
it. per month for certain periods of 12 months. Had there been 


Ms removal | by dredging it is reasonable | to assume e that this material would have — 


Bed Load of Rwer by Comparison — wit That of the Canal.—tit t 


appears from the foregoing that the canal, with an annual | aaa of from 


2 500 , transported about 4000 acre- 


— 
— 
4 dredging in the 
— 
oe ly noticeable. General conditions remained app ye 
sits. entirety was hardly noticeable. 
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its bed There must han 


course, ‘some ‘pick- up and transport in | suspension. Because 


“fact the estimate of canal- bed | load may be accepted | as a minimum. 


ri 


mately at least, the bed load of the River ‘iteelf. traction 


ended “The on the bottom: travels by or by 


of whether ‘the water is clear muddy. view ‘of general 
a 


q similarity of canal and ‘river beds, the annual bed loads of the canal and of 


the river may be assumed to be proportional to the annual discharge. * This” 
assumption ignores the fact that the river departs ‘most widely from the 
characteristics of the canal when ‘its, discharge is “greatest. and the 


on its bed is most vigorous. 2g The resulting ¢ estimate, therefore, is again more 


On this assumption the bed load of ‘the Colorado River, with its annual ie 


“charge ‘of about 15 000 000° “acre- ft. of. water, at be about six 01 re) 
seven times as great as that of the canal, or 25 000 to 30 000 acre- -ft. per year. 


The assumption as to corrresponding fineness of material s applies to the mat ri 


in the beds of river r and canal, as well as to that in suspension. | The large 
velocities in the river at its. high stages, if 1 taken into account, , would prob- 


ably increase somewhat its and “therefore, also, its load. 

TABLE 3- —Siut SusPENsION Canan av Irs. Heap AN 
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Dincharse, Weight Silt, th ge,| “Weight 
in second- |of silt, per- hours, per- in second- |of silt, per- ) 


centage. centage. feet. | centage. 
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Silt in Suspension in n Imperial (A lamo) Canal. e sampling | of the 
water of the Imperial Canal in 1914, was done i in such a way that the results r af 


indicate the ‘canal’s full load of silt (Table 8) Aig The 1e samples were taken from 
the turbulent waters just below the gates of the 


= 
7 
a 
al 


0. 93% th river. must have rolled ‘considerable material 


J ‘uly, 1918, to December;. 1920, while ‘material: was being removed 


 eanal. However, that which must t have entered as a a suspended - load, computed — 
from “the volume water and the silt ‘content| near the | surface (about 


), amounted to about 1300 acre- -ft. per month at 100 lb. per cu . ft. in _ : 

a “place. Of this, 310 acre-ft. per : month were removed by dredging (Table 2). is 

The etl was carried down the canal i in part as suspended, and in part 


—Sut IN Su /SPENSI SION IN AND IN CoLorapo River 


CANAL BELOW HANLON’ vie RIVER aT Yuma. 
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oe bei om, Silt per ans per| Mean | Silt, | Silt per 
wee, day,in | month, discharge, weight, x day, in 
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é ; in 1 000 in second- | percent-| 1000 | 
in second- tons.* ~ age. | tons.* | | 
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The samplings of the canal water from June, 1 191 May, 1918 (Table 
4) may be cited to show that part of what was 8 suspended load i in the ri river 
- became bed load in the canal. ‘These samples were taken below the zone of 


influence of the -Taintor gates, below the Hanlon Regulator, where possibly — 
some, if 1 not all, separation of bed load from: suspended load already 


h 
taken place. They showed 0.28% of silt i in ‘suspension, while in the same 
period the river water carried 0.54 per cent. - Based on the mean flow of the 


suspended load. During that year the river carried 0.93% of ‘its. weight in 
es. suspended silt. The total silt load of the canal was 0.86 per cent. These 4 : = 
figures indicate a smaller proportion in the canal than in the river. The a q 
 & 
is 
| 
2 on 2 
— 
— 
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tons.* 
— 
September .... 
— 
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weight of the deposited material. convenience a weight of 100 lb. per 


wa 

‘ structed from river into was charged 1 with the same quantity of 

silt at ‘Yuma, the t total yolume of silt which entered the canal was about 


700 cu. yd. per month, of which 340 cu. yd. became:a bed load or temporarily | . 


t should be noted, ‘however, that at 0. 54% the was materially 

i 4 


short of the silt contents determined at Yuma, 0.938% for the longer perio 


The of the disturbed 


the. Taintor gates at Hanlon’s: in 1914, Phaneere. a transport: of silt by the 
canal water as , shown in Table 3. _ The volume of wet silt “after 24 hours” 


a 
Column (4)), shows, the rate. at which the silt in ‘suspension 


the space it will when finally incorporated i in ‘the 


= ture of the river’s delta region. This volume can be computed from the unit — 


:. ou. ft., about the weight « of the material in the beds of the main “canals, has oat 
been (see Table 1). small a value as 85 lb. per cu. ft. is some-_ 
times: assumed in converting weight to volume, particularly in estimating 


s space that the silt which is deposited under water will occupy in reser- 
s voir. The studies made on the Imperial Canal and its branches indicate that Be 


Tite 


the larger weight i is more nearly correct for this locality. 


gd The observations in the canal, listed in in Table 4, were made some distance 
a. below the Hanlon Gate and results were reported by Messrs. C. E. Tait and 
Peck, the sampling having been done by Mr. Peck. The | observations 
eo in the Colorado River are those of the U.S. Reclamation Service. Where fi 


ures do not agree e with original records it. is due to the fact that. it wa 
“necessary to correct averages of ‘incomplete records by approximating — 
observations. Furthermore, the val values noted i in this” table are weighted 


ae means and averages. The figures presented in Table 3 depart in. some 
instances widely from ‘those computed by the U. Bureau: of Reclamation. 


‘This is due to the fact that the Bureau has determined monthly values as 

“ straight. averages of the daily percentage determinations, while, in preparing 
the tables in this | paper, except as otherwise noted, each daily observation 

was duly weighted according to the discharge to which it applies. 


Variation m Silt Content. —Comparison of values in Table 3 ‘shows that 


in n the bottom of at tube in 24 hours ‘(4)). In 


in weight (Column (3)) was only one- e-half as great as ‘the 


of uniformity in the character and of f the _river’s suspended 

at first attributed to the occasional large admixture of Gite, Barer, water, Just 
above Yuma. 4 

1914; but, later, daily observations (June, 1917, 10, June, “1018, inclusive) 


iled to substantiate this conclusion. “However, when the water was | heavily ay 
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SILT TRANSPORTATION 


with the settling nearly always slower whee its load 


ascribed to. the fact that. it is s less turbulent than the river and, in 


uence, the heavier grains of silt drop to its bed, ‘thus becoming a part of its — 


bed load. The difference in the suspended loads of the canal and the river was 


most striking in 1917 and 1918 (see ‘Table. 4), the flares being: For the 4 
nal, 0.28% and, for the river, 0.54 per cent. 


Sampling of canal water was carried on cystematically throughout the 


canal system from June, 1917, to May, 1918, the water being followed through © 4 
main canal into its many branches. The records” are too voluminous 


be ‘reproduced herein in detail. The monthly s summaries, however, have ‘been 


very 3 muddy for longer than a few days. Nevertheless, Table 4 

slight change in the canal’s suspended silt with distance. 

intake. The suspended. silt remains in suspension ; the only exceptions 

in 1 the West Side laterals i in which the smaller silt burden is explained by — 


the opportunity afforded in its feeder, the Solfatara Canal, to drop a ] part — 
a its load in a basin, the "purpose, along the northern base of 


Sur ‘SUSPENSION IN Cotorapo River at Yuma, , ARIZONA 


Sampling of River ‘Water at Yuma. —Since_ 1909 the U. Geological 

rve} Reclamation has made 
the Rives’ at Yuma to the volume of silt 
transported. Twice a week ‘samples have been taken i in three verticals of 


ross-s -section (one at mid- ‘stream and ‘the others at about the 


They were taken at. the water r surface, at mid- depth, and near the bottom an 
The results from 1909 to 1918 are in “Table 6. The average 


percentage of silt carried as a “suspended load during the entire ten year 
(0.89%) was found by comparing the total discharge with the aggregate 


weight of ‘the , material carried i in suspension, as determined month by month. Pi 


The percentages reported U. 8. ‘Reclamation Service for each “mo: nth 


eer ‘introduced for “this: period, 


“present purposes. In Table 6, the volume of j is s computed at 100 ‘Ib. per 


“34 
ou. ft. The percentage of silt: is” as. reported by the . Reclamation 
Service. The individual | ‘determinations (8 or 9 months) appear to have been a 


 Distri ibution Throughout Year—The large vo 
relation to en in J nuary, February, and March (Table 6), | 
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+ Approximations from incomplete records. _ 
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, at Wisteria.. 
, at Heading..... 


, at Heading.... 


, at No. 12...... 
North End Canal 


, at Cudahy Check.....|— 


Main Canal, near Heading..... 


polium Canal, at Heading.. 


ro 


East Side Canal, at Myrtle Check.. 


-.0 |East Side Canal, at Junction.... 


.0 |Central Main, at 10-Ft. Drop... 
Imp. Water Co. No. 5, at Head 


60.0 |Rositas Canal 


De 


Dahlia Canal, at Heading..... 


.0 |Dahlia Canal 
76.0 |Brawley Canal, at No. 4...... 


East Side Canal, at Check 1........ 
* The values presented in this table are the averages of daily Seteeelngeey- ‘The eK work was in charge Ped Mr. J. E. a ne 


.0 |West Side Canal 


0.5 
27.0 |Main Canal 
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ie ‘fairly representative of ‘lanaaay winter conditions: for t t 1at in on 


year of the period (1916) © the winter discharge of the river at Yuma wa 


 multip five or six times by igh stages” of the Gila and other lower 


tributaries. . The admixture of these unusual | waters “increased t the 
volume of silt in ‘suspension in January, 1916, to 3% by weight, 
15 


whereas ‘ordinarily it is between 0.2% and 1.0 per ‘cent The discharges 4 


February and March, to a lesser degree, were also affected. In February, 1915, 
the Colorado, with more: than twice its ordinary discharge, had very “muddy 


water, the silt averaging» (2.48 per cent. ‘The data for the winter months of 
is p articular’ group of years, because of such extreme conditions, do not | 


properly indicate t the probable: or normal relation between discharge and silt 
In the 1 nine years, 1919 to 1927 (Table 7); all original semi- -obser- 


‘of monthly mean 1 percentages. ‘Consequently, these are. to be regarded as 
nearly in accord with actual fact than those preceding 1919, 


The total quantity silt annually transported in suspension Past 


estimated from these | dependable - figures, is ; shown in Table q; also, the average 
silt per calendar “month for the 9- “year 


rado River at Yuma is given in Table 8 8 by to As summary of ban 9 given i 
"Tables 6 and 7 is listed in Table 8 together with data the columns 


of silt in suspension. 


these years to some correction. 
*, 1919 to 1927 | are 1 ‘true means and are, thereforé, t to be oughly 
Comp. ARATIVE AMOUNT or Su1—Surrace To Borrom 
onditions A ffecting Deta. 1—The long- continued observations: at Yuma are 
valuable, not only | because they furnish a dependable basis 
estimating the quantity of silt in because they throw: 
Tight on the distribution of the silt throughout a 


— 


verticals 


near ‘the: excessive quantiti ies 
of silt when with the corresponding at and 


about 12 up stream from Yuma. The works of canal 


oint include a desilting arrangement already ‘described. 
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7 ee in which samples were taken were generally 130, 325, and 520 ft. _ - 
= 
minations of silt in suspension have been disregarded. _ 
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tes is large in | relatio j 
to the entire flow— —as at low stages— = picture of of silt conditions may not’ be 


Sur 
YUMA, . “Anwzon 


SILT IN SUSPENSION. = 


11 772 000° 
20 656 000° 


Classification ‘op 1916, after years of ‘observations in 
more than 1100 verticals (three samples each), of the results of these 


observations were “made. the writer to confirm the conclusion that th 


water to the Canal over flash- boards, at a pro- 


posed new head-gate, would reduce the entrained bed load of silt, and, perhaps, 


some measure, also, the suspended load, when compared with flow under 


‘gates of the “ordinary type. The sampling at Yuma has continued to the 


= by the U. Bureau of Reclamation, fer | the U. S. Geological ‘Survey 


ms from 1909 to 1916 were first separated into | “groups, 
less than 1%; (2) between 


and (3) exceeded 2 “cent. ‘There 769 verticals 


A ovshbthition! of the results in all verticals (1 165 in number), with sole 


wid combina- 


‘The results of the studies undertaken are shown in | Table 


results of the more recent studies covering the period from 1919 to 1927, 


re- given in ‘Table. 10. These data show that a little more material in as 
‘suspension is to be expected at mid- depth than at the surface and still more 


Tn | preparing Table 10, the observations were grouped 
me roughly by periods during which the river’s silt load remained : | fairly unifo 


— — 
— 
adependa 
‘TABLE 8— SPENSION BY COLORADO RIVER 
| 
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(From: observations by U. Ss. ‘Reclamation 1909 to 1916. 
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Turbidity Varies with Depth—It is to be noted that in | the Colorado 


iver, which is very muddy stream, the increase 


downwar 


being of the total suspended load. ‘Thus , for example, the ’ 69 


separate determinations from 1909 to 1916, during ‘periods with a load 
show an actual increase from 0. 49% at the surface to 0. 59% at the 


periods with a load ‘of. 1. 0 to 1. 5%, 1.29% at the surface 
and 10% at the bottom, a percentage increase of 0.11; and the 81 deter- 
minations, when. the k load of silt was heavy, showed 2. 67%, at the surface ad. 

a. 278% at the bottom, or an increase in percentage of 0.11 at full depth. — 


combination of results in all the 1165 verticals indicates that the percentage of 


. silt at mid- -depth is greater than that. at “the surface by 0. 08 of the weight Ry 


of water; and ‘that the bottom the percentage silt, exceeds that at the 


surface by 0.10. "Corresponding. comparisons for the period, 1919 to 1927, 

show the following i increases from surface to bottom : For a light silt load, 
a 12% of the weight of the water. re for, a moderate load, 0.08%; and for a 

heavy 0.15 ‘per cent. of results in all the 1 841 ver- 


of period 0. 18% silt at the surface ; 0. 1% at and 


Y 


mid- -depth, and 0.11 from surface to bottom. In other 
centage by weight, of in the Colorado at 
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Number | Number Average ; 


36 


4 


2 


Average weighted 


ales 


«4 


“Average weighted . 


| 


1927, total and means 


average depths: at the included | sampling stations | are indicated in Table 10. 
The mean velocity of ‘the river at low stages is generally 2 to 4 At high 


stages it may go 1 to 6 7 ft. per sec. When the river is in there 


| 
)DERATE LOAD OF SILT IN SUSPEN 
“a 
Pate 


Deing. icked up. from the bed as is dropped fro 


_ suspended load . At such times the x river bed, underfoot, appears firm, smooth, 


of such as may be. caused 
for example, the legs and feet of a man standing i in the stream. _ Sx) clea 


_ Expressed in x relation to the weight, of the. water, there is a wide oa 


in the turbidity of the river, as as the long continued observations disclose. The 


at moderately high stages—stages with a discharge of 15 000 to 50 000° 
also show that the turbidity, expressed in “percentages, decreases 
4 as. the river goes to still higher stages. . This ¢ does not mean, however, that the 


Tiver’s load of silt decreases with i increasing volume. This will become appar- 


ume of silt 
carried in suspension, in -feet per month (estimated at 100 |b. bb. 


cu. ft.),. to the river ‘discharge, this being ‘noted both in acte- -feet 
‘month and in second-fee In plotting Fig. 5, only the mean ‘monthly values 


as determined for the me periods, 1909 to 1918 and 1919 to 1927 (see, Tables — 
and Ds were used. The ¢ curve representing volume of. silt was first plotted 


d the percentage curve was deduced na pire 


ne 


Biseharge in Thousand Second-Feet 


. ie. 5.—RELATION OF AMOUNT OF SILT IN SUSPENSION TO THE DISCHARGE OF Pon 


supplemented a more 


i examination of results at the eerie Lwent stages when the discharge i is 6 000 
sec- or less, but in of the the  desilting 


pi 

frequently under proms into ‘the: "Yama Canal, this additional study 


ic 
Be. 
Colorado River is not as mu 
«| a ate esults show that the Co » 
i 
— 
1 
q 
4 
; 
— 
— 
— ] In suspension, consi 


. per month, | 
a 25 000 sec- stage. —There- 
ste increase "of load couthivee as the river en the rate of i increase 
s less rapid. At 80 000 sec-ft. the silt carried in suspension - amounts to 
about 16500_ acre- -ft. month, and, for still higher stages, there is” an 
_ increase of about 700 -acre- ~ft. for each additional 20 000 sec- -ft. of f discharge. be 


curve. denoting pereentage of silt shows the Colorado River is mud 


ive 

& The probable volume of silt carried in eee the Colorado” River 

changes” not with discharge of the river, but also. from month to 


month through th 
volume 


the average ‘values ascertained for. months” for the two periods, 


1918 and 1919-1927, were used. Turbidity has two periods 

in the year, but with frequent wide departure from mean values. The prohable 

turbidity at any time of the year appears in Fig. +6. 

? Fig. 6 indicates a total annual load of silt in suspension in the picts 

River of about 94 000 _acre-ft., 4 ‘estimated. at 100 Ib. per cu. ft. ‘ (which is 
equivalent t 111 000 acre- re-ft. at 85 Ib. per eu. ft. of deposited silt). This 
not include ‘the ‘river’s bed load , which, as shown elsewhere, may 


to about 20 000 to 30 0.000 _acre- -ft. ‘per annum. Considered from 


point of probability and by months it is to be noted that silt transportation 
is ata maximum in . June at the river’s spring high stage. ‘Iti is at: a minimum 


9 in the winter months when the river is. low. The turbidity is is highest in the 

an early spring + and i in the fall. | It j is lowest i in June at the river’ s highest wel 
and in the winter at its lowest stages. The ‘silt 


the beginning « of the observations by the ‘Ss. Reclamation Service, 


amounted to 0. 90% by weight of the river’ 8 total disch ree. 


Average Annual Silt Load 
in Acre Feet per Month — 
1909-1918, 100235 
1919-1927, ¥ 88153 
1927,———-93 960 


0 
| Note: Acre-Feet computed on basis of Silt at 100 Ib. per Cu. Ft. eae 
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suggested by F. ‘Breazeale that the silt 
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lower river in 
loidal particles s seem to be c carrying penersetoery charges. m He believes that the 
source ¢ of the water its affects the — of 


the individual particles are fairly large, but when — are 


‘subdivisions, ‘sometimes as. to > be colloidal. 


~ 


1925. the. Uv. Geological made determinations of 

- giatiy” of material in suspension i the waters of the Colorado o River at a 


number of points up stream from Yuma. : Some of the results are accessible 
in ‘published form-t These data have enabled a preliminary comparison of 


the quantities of ‘silt i in suspension, expressed. in percentage of weight, to be 


made at Lee’s Ferry, Grand Cany yon, Topock, and Yuma, as shown in Table 11. 


values are based, at least in part, on composite tense 


‘Sit ‘IN SusPENsioN AT VARIOUS oF THE 
(From U.S. Geological Su vey | 


vied 


‘ 


om ‘August 28, September 3..| 
September . 
October 
November. 
December .. 


1928: 


RE (1. 24) 


_ Evidently, in periods, 
—— June, and July, 1926, the eumpended load increases with the <i 
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and August, 1996, the suspended load 1 remains s fairly constant. In September, — 
1926, there was even a decrease of ‘suspended load with distance below the 
Grand ‘Canyon. These results seem to confirm the conclusion that at ol 


the r 


river picks up material from its bed and other times 5 it drome. part of its 


: 


In the Grand Canyon and i in 1 the various narrows i below, there is — | 
a and and gravel i in the 1 river bed, and the e silt carried by the river is supposed 


q 
to be in ‘suspension. — Tt was hoped, therefore, that the comparison presented 
ae n Fig. 6 might disclose some facts that could be used in estimating the river’s — 


bed load, but they give no indication, except possibly that a 


thereof originates below the Grand Canyon. 


RA he Basic > Record of Silt Determinations. —The records of the determina- . - 


tions of silt in suspension in the Colorado River, : at Yuma, a are too o voluminous q 
Aca be incorporated i in this “paper. — The same is true of the records of the | 


TABLE 13.—PEROENTAGE or Sint IN CoLorapo River at Yuma, Arizona, 


2 f silt, 1.35; discharge, 2 188 316 acre- wb 
(at 85 Ib. per cu. ft.).) 


Mean percentage o 


Discharge, in 


3 a left bank, | Depth, in feet. second: feet 
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(Table 18), is 1 1.70% and the volume of silt carried is | 28 000 : acre- e-ft. at 85 Tb. 
‘per cu. ft., instead of 1.35% and 21477 acre-ft., as appear in the iia ; 


‘record. Similar recomputations for use in this paper where ‘neces: 


= is” to be that the mean for ‘February, 1920 


of all Government records a 
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MEASURING MATE RIALS FOR CONCRETE. 


By Mayo V ENABLE,* Aw. Soo. C. E. 


P 


concrete from bateh to batch 1 which result from. in 
the water content and gradations of the aggregates as received | for use. ] 


considers especially how the different methods of measuring the ingredi 
‘ tend to increase or to reduce the difficulties of securing uniform results. = 
bulking of samples of sand twenty-two localities measured 


ferent proportions of cement and water, in in order to ascertain how the method : 


and the solidity of these briquettes were determined. 


Interesting 1 results of these tests are » im 
and practical control of the mixing water. It i is is shown that ‘the chief function a 
* of the mixing water is to make it possible to pack the other ingredients of the 
- concrete in the least ‘possible space ; and that when the quantities of | cement 


- sand, and stone to be used in any batch have been determined, such a quantity 
4 of Tey should be used as will make ‘it ‘possible to. compact the mix it into the 


Mixing of concrete been thoroughly « discussed, and the basic principles 

are well understood, although there remain ‘differences of opinion as to th 

bt du lying these principles in design. However, a de 

est proce ure in app ying t ese princip es in esign. owever, esign 
4 


culties in “the design of conerete_ arise e from’ uncertainties ‘regarding these 
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OTE.— Written iscussion on iS paper WI e closed in December, 4 


‘ 


it is ‘desirable, therefore, that the ‘Measuring methods be such as 


and Ber a combination of dry materials and a a little 
water only, the mixture | ‘cannot be « compacted as much as when thoroughly dry. 
_ ‘The bulk ; increases not t because of the v volume of the water, but be ecause i. 
_ water films on the g grains prevent them from rolling or slipping on ¢ one another. 
This “bulking” at first: increases with the quan 


sufficient water, to } 


a with certain mixes than can be done, even by pressure, with a 


batch. Then the vaids between the grains are completely filled with water. ‘ 
If any more water is used, the bulk is increased accordingly. 


a the quantities are measured out separately, and the HEE or the void © 
ay spaces, or both, in any one of the three materials varies somewhat from batch i 


_ to batch, the optimum quantity of water for maximum compactness will like- gy 


wise vary. In practice it is impossible to procure stone and sand that do not | i 
rary and, consequently, there is always an element of uncertainty as to the 


| 


7 


compensate, as far as possible, for va riations in the physical properties of the | q 
q as received on the work, 80 that the resulting mixture has a 


of void space 1 to be filled and has enough \ water— no more than 


Most: of the water used in mixing concrete is necessary only to 


the mass. Sometimes only” 20% is required for chemical purposes, the | 
80% remaining after the concrete hardens, ‘until finally it dries out and 


air. On ordinary poured concrete work, it is ‘desirable to use 


> 
only ‘enough extra water to give maximum ‘compaction. fp 


_ Thus, the final mixture of stone, sand, cement, and water, may | be con-— 


to (a) A mixture of ‘ ‘otal dry materials”, with ‘water. This does” not. 
indicate directly a method of measuring each of the 
(b) A mixture of “combined ‘and stone) with cement 
= grout. This usually occurs first to the practical man when he © 
Pat a attempts to interpret the water-cement ratio theory, and has not ‘ 
yet grasped the importance of the other materials which enter 
es mot into the mix. The strength of concrete is not approximately the | 


same as the of grout of same water-cement 


i mportance on n the quantity of water 


particles faster 
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fine The moisture content for maximum bulking : 
and 12% « of the weight of the sand. C Cement behaves like very fine sand, and 


bulks” much more than 50% with | small percentages: of water; but | this: is 
negligible since cement is always measured dry, u: usually by weighing. | ‘Sand, 


: _ however, as received on the work, , almost | always is moist or wet, the variation “ 


“The will the smaller and the will reach 


a A greater r depth 1 than i in the dry. dies tor 


1 If the same experiment is performed with cement, a similar result will 


be observed, except | that perhaps several hours will be required for the : 


particles to settle. The cement should be mixed with ‘some water before the 


final pouring, to’ that the fine and coarse grains are completely sepa- 


rated before settling. Allow the settled cem ‘cement to harden, for: a a day, then 
a ‘remove a and examine | it. It will have practically no strength, the top forming 
Bey a “mud”, called | “laitance”, and the bottom part being ¢ soft and | brittle. 
:. yn Something like this occurs in mortar when an excess of water is ; used, but. 
the ‘segregation of the cement is not nearly. as complete, because the distance ~ 
that each particl le must’ settle i is small. A mixture of 1 volume of cement to 


1.2 volumes of water makes an ‘utterly worthless ‘ “neat” cement briquette, but 
similar -cement 1 


to Prime cement ag to ‘compact cement alone. Nea 
cement is quite | “workable” with 40% of its bulk of water, but between twice 


three times is commonly required to “work” a mixture 


Tamping or jarring, if ‘it is to improve the concrete at all, does 80 by 


loosening the ingredients. from positions ng points rest against 


nto positions where surfaces are in contact. ‘is desirable that: all 


Obviously, the amount of puch segregation or washing out increases with th 


Sa 
‘concrete. 


ater is necessary fo workability, excess” 
t increases | the volume; and, second, because 


For stone the bulking due to dampness is negligible. For sand it varies @ 

_with the fineness and other physical properties and with the water content 

g if 
ge 

q 
4 — 

glass tube, say 13 in. in diameter and 4 ft. long, pour dry sand to a depth of 
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ie | Even then the mass may not be plastic. It is only plastic a 
a. ous grains are surrounded by enough water to permit them to g 
roll on one another without excessive surface igure: 9 

injurious: First, bec it 


placed under conditions Which render it very difficult to remove water 
‘Therefore, the practical, problem is how 


Bete: ssure ot use of only the n necessary quantity of water in each batch. . This i is 
really much more important than that any one material ‘shall be kept constant 


in quantity, although in 1 every respect successive © batches should we as nearly 


In making conerete, ‘the general practice is t to 


‘ 

materials, water, cement, sand, and stone, ‘to mix them. man doing 
the measuring set each "measuring device ‘to secure the correct final 
Frequently 1 this is: ‘difficult and it is desirable to specify the 


in such a way that practical measurements are simple. ‘The chief practical 


s may not have been concerned, are: _ 


(a) Moisture in 1 the sand must either be eliminated or allowed 
for in measuring. . This may vary excessively from batch to 

(b) The coarse sgereeate: may not be uniform, and, consequently, the 
proportion of sand to stone desired in a “batch may vary. 


tulq compared with these difficulties, other problems of measurement 


ral 


The easiest way to overcome these ‘difficulties practically, aside from 
:: eeeen considerations which influence the design of the mix, is to conduct 
the. measurement so as to produce a constant volume of uniform mortar for 


batch. ‘Then if and when necessary, the quantity of stone used 


onstant mortar is ‘necessary for constant concrete, 
Reon of what the strength or other properties of that concrete are to be 


ANDS AND Tom Dirrerences Val a 
onerete work differ exceedingly in the 


ng 
how the physical properties affect the : accuracy of various methods of measure- 


* ment, the writer procured samples of commercial sands from ‘different parts © 


of the United States, and tested them in different ways. The sieve tests: 


‘ Gs (Table 1) were conducted ai as s follows: First, after thoroughly drying, 100 cu. cm. 
of each sample was “measured, by pouring into a “graduate, without shaking 
- or otherwise compacting, and was weighed (Table 1, Column: (3)). I It was then . 

: by sieving, the various grades (beginning with the finest) being 


poured back into the graduate and the total volumes read (Columns (4) to = 2 
(10)). Thus, of Sample No. 18, 100 cu. cm., 1.0 cu. em. passed the 
finest sieve (100- mesh) ; 14.5 cu. em. were retained on the next coarser sieve 4 


(48- -mesh) which poured into the graduate ¢ gave a total reading of 15.5 cu.cm. 
The final reading was 103 cu. em. showing that, by screening, this sand — 


‘This i increase takes place with. all natural sands, but differs greatly among 
ae. the : samples (Table 1). . This i is due, in large part, to differences in the shape, q 
ae as well as ‘in the size of the grains, the ‘Pittsburgh sand with 3% imerease 


Ss having rounded grains, and the Boston aand with 25% increase, having grains” 


of irregular figures with sharp edges and corners. 
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a 4 is shown graphically for | some of the samples, in Fi ig. 1. 3 Although the average 
grains in ‘Samy ple No. 6. (Table 1) is about: eight times 
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by Volume passing Si 
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Sieve Openings InInches 


/ 


bot 
4 test alone, gi 


sands for conerete mortar. 


‘Tests: OF Sanps. to San 


» 


No. 


St. Louis, Mo., Mississippi River 

St. Louis, Mo., Mississippi River. 

Baltimore, Md 

Ulster County, New York (bank). 
Baltimore, Md 
Boston, 
Morrisville, Pa. (sand bank)............+. 
Meramec River, Missouri 

St. Louis, Mo., Mississippi River 

Houston, Tex 

Morrisville, Pa., Delaware River 
Birmingham, Al 

Cow Bay, N.Y.. 

Boston, Mass 

Brooklyn, N. Y. (bank)...... 

Baltimore, Md 

Pittsburgh, Pa., Allegheny River 

Alafia River, Florida 

Morgantown, W. Va 

Baltimore. Md. 

New Orleans, La., 


Sample 


o 
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h are satisfactory for concrete. Evidently, the fineness sieve 
| ious 

(Total quantities, in cubic centimeters (loose), passing Various openings.) 

A 

198 | 0.185 | 0.871 
(9) | (roy 4 
108.0)...... 
Ps. 

108.0]...... 
“aS 100.0]...... . 

1 14 2.0 | 109.0) 110.0 
9.01 106.01 1090 4 

2.0 | 105.0) 106.0 
0.75} 108.5) 108.00 


MATERIALS FOR CO} 


and the the sand; the greater ‘the 


ne bulking. A good ‘idea of the extent of this bulking may be gained from 


‘Fig. 2.* The s sieve re analyses corresponding ar are given in Table 2. The Allegheny 


2. —Curves SHOWING THE BULKING or THREE 
iver sand, Curve M, is the same as ‘Sample No. 18 in Table 1. As moisture 


was added the bulking. effect on this Pittsburgh sand increased rapidly, reach- 7 
ng a maximum of 27% | for 4% of water. _ Thus, t to get t the equivalent of 1 i. 


: ge of dry sand requires a measuring box of p A 27 cu. ft. - capacity if the sand has s 
m oisture, and is measured loose. Where sand is taken from open stock 


piles, using volume measurement and allowing for bulking, it is generally 


ta = practicable to get the specified quantity in a batch, without variation of ‘more 


te 5 per cent. _ If, however, some of the batches are ‘very wet or very dry 
- and the others moderately wet, asina pit or bin, the variation may amount to. 


| 


y WEIGHTS. PERCENT Taces Retr 


Sand‘ gan . Allegher y 
River. conerete sand, | R River, concrete sand. 


10 


No 


is made, great accu: racy in batch: can be 
moisture content is kept uniform batch after batch. 


*“The Bulking of Moist Sands: Effect of Phenomenon on Strength and ‘Yield of Con- : 
rete,” by Arthur 4 Levison, Public Roads, os 1924, Vol. 5, No. 5, p. 21. rit, > 


wees 


be 


— | 
— 
TABL “Fr. Potomac 
“River, asphalt sand, 
— 
ima 


sand; ; in n actual work this can be attained only by artificial drying, , which ; 
s expensive. The other is to have the sand saturated with water, or to 

Even when ‘the ‘grading and moisture content are. constant, total 

quantity of sand in the will still depend on or _com- 

pacting applied to its It may readily y be m 

3 pouring it ‘into the container ‘without shaking, or ‘aa compact by 


In Table 3 will be found | the tests” of the 
li sted i in Table 1, showing how the volume varies with the method of measure- 


sand was carefully into a graduate. By jarring the the 
could be | compacted to the volume g given in Column (3), but no more. Pour- | = 
ing the same sand into another 1 100-cu. em. graduate, half full of water, caused ee 


it ‘to assume the volume given in Column (4), and rapping the graduate with 


“the submerged sand caused it to compact to the volume given i in | Column ©). 


arger grains settled first and the final volume ¥ was ery given in Column nn (6). 
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y rapping. 
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yompacte 


d loose. 


by rapping. 
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eight of 1 
u. cm. dry 
displaced 
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Cc 
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After pouring © 
into water. 


after rapping. 
Under water 


segregation. 


Maximum 
Net, as deter- 

mined b 
Column (10). 


W 
Under water 


, after rapping. 
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» segregati 
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=~ 
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So 


1 


— 
> 


— 


: 


RSS SS 


a 
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| 
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{ 
} 
| 
= itt = mm 
— 
— 
ici 0601 
40.8 | 082 
45.2 | 0.714 
“9 | 080 
47.4 | 0.856 
4.8 | 08800 
44.7 | 0.7800 


h of these five different  conditi ns of measurement will give 
ts. That by ‘measuring the: sand loose, but completely saturated with — 

water (Column -(4)), is the sim; plest in practice, the measurements being 


ae reproducible o ona commercial scale to within 0. 5% batch after batch, with ok i 


aes The net volume of sand grains only, as paw ee by the water displaced ‘4 
(Column )), shows voids vary between 30 and 44 per. cent. By 


ible ‘Now suppose that just sufficient grout is to be added to all the voids in the 


sand; at once the question would arise: In what the voids 


: 
measured? Will the percentages: in Table 3 ‘suffice, or do these correctly 


yepresent. the quantity of grout to be cused? The smallest voids she 


sand i is most compact) are indicated in ‘Columns (9) and (11), and the voids of 
‘e loose measurement in Columns (8) and (10). . Are | the voids ‘increased beyond 
both these amounts when ‘grout at is added and, if so, to what extent? ithout 


he answer to this question no determination | of voids will show how much 
ement and water will be required to fill them properly. © | ey 


Grout is is not a simple liquid, | but a liquid with solid grains in suspension. © 


amount required to voids not ¢ on the voids i in the sand, 


_ mixed with the water to form the. grout, When grout— -or even 1 dry cement— 

is mixed with sand, some of the particles. of cement. (with a diameter as ie 
as on one- eighth that of f the average sand grain) prop: the grains | apart, thus 
increasing the voids to be filled, while others. occupy the spaces between the 
grains” and thus diminish the voids. ‘Therefore a thorough “mixture of per- 


-fectly dry and perfectly dry cement cannot be compacted so that it 


is 


ee: least enough jallac to fill all the ve voids i in the “dnimaial mass. At least 15% 


ae the final volume, ‘therefore, must be water, as this is necessary to overcome 


surface tension among the “particles and thus permit them to adjust 
fit snugly against one another. The Quantity of water required to 
voids completely ‘depends not on the quantity of cement, nor on the 


> _ voids i in the sand measured separa ately by any method whatever, but on the voids 


closeness 


aciny ‘in the 
NDNESS OF BR RIQUETTES 
_ To the relationship between quantities of sand, water 


y 
a 
tt. 
— 
if 
4 
in 
— 
— 
— 
— 
and tested, and the r gi i i i 
are given in the accompanying diagrams. 


Nn 


-CONCRET 


to investigate ae the effect of varying he proportions, 


essential to use cement and sand ¢ uniform: quality. fo 


sand was s from the same stock dried and s sifted. To secure 


uniformity of size only material passing a 0.0232-in. ‘screen and retain ed on a 


btio by Weight 


Sand:- Cement Ratio by 
Sand:- Cement 


3 


Fie. 3.—SOUNDNESS OF BRIQUETTES FOR VARIOUS RATIOS OF ‘SAND : 
il _ CEMENT AND WATER TO CEMENT. = 


, 100 of this sand mixed. with 10; grammes, 20 grammes, 


ete., _ of cement, and with enough water to give water-cement ratios, by volume 
of 20%, 30%, ete. 


Each briquette was made in the ordinary standard ‘mould, 


the materials being. pressed ; in as tightly | as possible with the fingers. It w wai 


“weighed and the residual 1 materials were weighed to check, so that the 
i water, cement, , and sand i in each briquette “could be computed. t 


was assumed that water r equal to 10% of the v weight of the cement money 


‘The percentage of solid’ matte 
othe ‘total volume ‘at each could be calcula ed 


ig 


Percentage Solids in Briquettes cenit 


: 


4.—SounDNESS. oF BRIQUETTS FoR VARIOUS RATIOS oF TO 
| SAND AND WATER TO SAND. 


The results are given graphically i in Figs. 3 and 14. With equal ‘vililine of - 
and 


id and cement (Fig. ‘the soundest briquette was that containing about 


much cement as water, by 1 volume. ‘That is, ‘it could be comp ted 


ompac 
arther in the mould than with more, or with less, water. ti Thus, with a 
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, Fic. 5.—PERCENTAGE OF TOTAL SOLIDS IN BRIQUETTES OF VARIOUS MIXTURES. 


cement ratio of 2 by weight, or 2. 56 by volume , the water- ~cement 1 ratio required 


to ‘produce the densest briquette was about 0.8, while with only one- third as. 
cement as sand (sand-cement ratio of 4.27), it required a water-cement 


between 1.1 and | 12 2 to compact to the utmost. 
— 


= 


Cement - Sand Ratio by Volume 


: 


ope 


Fic. 6.—“IDEAL” CURVES SHOWING THE RELATIONSHIP BETWEEN WATER 
RATIO AND TENSILE STRENGTH FOR DIFFERENT RATIOS 


ig. 4 interprets the same data using the 


— 
i 
Be . 
rete 
| 


o mi ake the soundest 
water must be increased 
from 0.5 to 0. 07 the sand to get the mix. 


in Fig. 5, the graphs which resemble contour lines Tepresent mixtures of 


equal soundness. Thus: for a mixture of 3° parts of s sand to 1 part of cement, — 
by volume, in . order to make the soundest | briquette, the quantity of water 


these briquiattes were about fifty days after 1 moulding. 


briquette of each mix was tested, and some of these proved to be defective 


b However, the results may be rationalized to allow for vagaries in n the individual 


“Fig. 3, , indicate that there is a between soundness and 
% strength, as might naturally be supposed. The maximum strength, however 


was: obtained with a little more water than the maximum soundness, as com- 
puted, possibly because more water ‘entered into chemical | combination: with: 
cement than the’ 10% assumed i in) the calculations: of soundness. 


a The curves in Fig. 6, as well : as those in Fig. 8, are very instructive. » The 


part | of the “neat | cement” curve: (Fig. 6) to the right of the ordinate, 0.6, is — a 


hypothetical, as as corresponding mixtures cannot be made into briquettes 
out the coment settling and so1 some s of the water ee to the surface. ta is a ar, 


of nt and sand ‘that will give the 


Another aspect of th the same ‘relationship i is shown n in ‘Fig. 1. zc Discrepancies 


or - the mixes that are too wet 
concrete. strength curves in F ig. 7 should be ‘compared 
which represent ‘soundness. — By eliminating e errors by 


high- -grade 


ith those in Fig. 


veraging tests of many briquettes, « doubtless the two sets of curves s would — 


RRB? 


resemble one .e another so closely that they could be used interchangeably. . In 


other words, maximum soundness produces maximum strength and the func- 
tion of most of the mixing s water is chiefly to produce workability enough 


. 4 Both Fig. 5 and Fig. 7 show that v when the sand- cement ra ratio is altered, the — 


vater-cement ratio should be | altered also, if the sole purpose is t to maintain ‘ 


strength and soundness. example, if, strength of 


too ary 2 a mix, what ‘should be the By i 


0.9 (Fig. 7), t the mortar : remains about as strong or a little stronger v 


steel with no tamping; those below requ require ‘tamping or 
pressure to secure th the strength ‘recorded i in the tests. _ This line is reproduced 
in Fi Fig. +5, for comparison. — “Any mixture below t v this line will have its ‘strength 


-inereased by adding wat water age any ny mixture ire above it will increase in streng sth 
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and 


ofa will be nd within the corresponding 
nto 'S. a _ Obviously, ' the cheapest mix is the one requiring the least cement. 
Therefore , the proportions of the cheapest workable mix are found at the 


SR FA the broken line with the contour line representing the strength 


The use of ‘ratio for the quantity of water 
et course, arbitrary. i water- ‘sand ratio plotted from the same data (Fig. 8) 


just as applicable. If the sand were supplied in pe fectly dry condition, 


by 


ement Rat! 


ELATIONSHIP BETWEEN SAND-CEMENT AND Wares 9 
OF Various TENSILE STRENGTHS. 


ry 


iw 
— 
— 


hat all the water may be measured pipaiabbi; rie’ 7 and 8 are equally con- es 
enient. Ba As however, the sand is not dry, and not uniform, some ‘advantages, 
as will be shown, accrue from use of the formof Fig.8 


& All the tests on which Figs. 2 to 8 are based were made with a specially 


» 
epared- sand, to uniformity of “materials that Ang effects 


oF Coxsn STANT Wi ATER- 


make a of given is (at. equal unit 
most. economical, bed cement ordinarily the most. expensive ingredient in 


conerete. check the relative values of the twenty- -two sand 8 mples of 


ables 3, one briquette ‘was made with each sample. . Enough water was 


taken to fill the voids i in the sand measured i inundated (Table 3, Column (10)) 


- plus 5%, to insure perfect 9 workability ; and enough cement was used to give a 
w ater-cement ratio of 0.8 each briquette. The ‘sand was measured dry; 


the required water was calculated from the tests given in Table 8; and the : 
volume of Sement calculated from the “water, and by to 

d errors due to bulking in very small sampl 


3 


cement, in finished || 


4 


u. 
h 


i, 
Locality. 


to oi barge 


tage of buik 
volume. 


cm. sand, in 
grammes. 
grammes. 
king strengt 


by 


squareinch. _ 


“Percentage of 
voids, in inundate 
gand. 
Weight of 100cu. 
briquette. 
Weightof 


briquette, dry, in 
grammes. 
in pounds per 


- 


Cement-sand ratio 


=~ 


Percen 


117.5 470 
128.5] 560 
127.8| 520 
128.0 
130.0]. 
128.8] 555 


St. Louis, Mo., Mississippi River. 
st. Louis, Mo.. River 


onl 


oor 


Meramec River, Missouri 

St. Louis, Mo., Mississippi River........ 
_}Houston, Tex.. 
_|Lake Wales. Fl 


| 


2 
o 


ia 


Morgantown. W. V 
_ |Baltimore, Md. (bank sand).. 
New Orleans, La., Lake Ponehartrain.. 


In Table 4 will be found ‘the data for each briquette ‘and its breaking 


> 


strength after the same period of curing. % As all these mortars were thorough! y 


OSH 
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ent. — 
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139.6 
|Ulster County, New York (bank)........... 162.2) 
158.6 
t |Pittsburgh, Pa., Allegheny River........... 141.6] 
&§ 
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_water- cement ratio could produce. that, result, regardless of 


‘differences in the sand. From the percentages ‘of cement to > sand, by volume 


(Table 4, Column (10)) it will be. seen that almost all these mixtures were | 


A Constant ‘SAND or 0. 


~ 

er-cement 


ratio, by volume. 


th 
“Weight of dry 


t 
uare 
iry 
e,in 
water, 


rcentage o 
by volume, in sand. 


e,in- 
before 
aking. 


reng 


f 
of briquette, in 


Samp 


inch. 


by volume. 
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er-cemen 


nds per sq 
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ammes, before 


Weight of dr 
— briquett 
breaking. 
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of briquette. in 


‘Brea 


 briquett 
grammes, 


Wat 
ratio, 


| 


pou 


ro 


_ => Percentage of water, 

<= by volume, in sand 

a 


124.8 
122.4 


— 


In Table 5 are given the Renate of a series of briquettes made | 


mixture of parts: of submerged sand any extra water, and 1 part of 
cement (both by volume), or cement- “sand Fatio of 0.4; in other words, 
table indicates the result of i ignoring the water- cement t ratio altogether, using 


Oe saturate the sand. - The water-sand ratio in in Table 5, Column (2) is taken from 
Table 3; Column (10), and the water-cement ratio in Column (8) is 


In general, all these mixes are Jeaner_ in cement, than those ‘in Table 8; 
they have from 80 to 60% as much cement, and less actual water, although | the 


“cement ratio is higher. OF « course, since only one made 


Or 
for each test, no individual res s remarkable, 


proportions of and cement, ‘by volume, as indicated 


Table 5, are so nearly alike, 


When sand has been measured under water, extra water may be added in 


~ desired quantities. Table 6 gives the results of tests of briquettes all made 
with the same carefully screened sand, , measured under water, and mixed 


— 


various quantities of cement, with’ extra, water added i in definite quantities. 


Tt shows the strength falls s off usually as as more. water is added, when 


in every case not a constant quantity of water, but the: quantity ‘necessary to 4 
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R CONCRETE 


the mix is very rich (Column 
must ‘be ‘added make it workable enough obtain: ‘sound 


Bt 
similar effect oceurs, with 


variations in the quality and the dryness of materials in 


best methods of measurement in the actual work—not in. “the laboratory 
ee N ow, if the ‘sand varies in physical properties and hence in total void spaces 
Ont it Da: Wid ‘ga MU ent 
per measured batch, ‘afi element of uncertainty is introduced. | The method of aes 
_ measurement may be such as to magnify or minimize the i impor ance of this; 
and, obviously, the latter will be the best to adopt. 
‘Using six suceessive batches of Pittsburgh ‘and, ‘which were umped out 


and weighed | after 1 measurement, the maximum variation in the weight of the 


batch was 0. 5% ; and the maximum variation in the water content was per 

cent. ‘The mean variation was much Tess, two batches a 800 “lb. weighing 


Tb. of each other. Thus, in the six batches the voids varied not more 


in Pounps PER ‘Square NCH, OF wit 


STRENGTH. IN POUNDS PER Squar® 
or BriQUETTES MADE WITH 
STAGE or BY BuLE. 


IN Pour DS PER SQUARE Ince, 
. OF BRIQUETTRS MaDE WITH 


ar PERCENTAGE, oF ‘CEMENT B BY BULK. ti 


excess 


Toco dry to be workable. 


7 


If, however, the sand came from different sources, he variation would | 


4 date Then, it would be best to ascertain the extra water to be added for 
each sand. However, for such differences as may occur from batch to batch it * 


is important to tealize that varying the water ‘in saturated sand in 


“to the voids is beneficial. The variation in the sands in Table 5: 
hay bu ut the results, except for those samples which contained deleterious materials, Ee 
were remarkably uniform. Measuring the sand under water tends to produce 
‘more ‘uniform results 1 in the mortar than weighing the batches’ dry and adding 


— 
= 
g 
— 
3) @ (5 | 40% 50% 60% 
le, — 
ed — 
— 
Mm 
ad — 
ies. 


Eliminate the effect of “moisture already in the sand on 
 aeeuraey of measurement ; if tn: ‘gaied 

the workability | of the mR, with as little excess water as prac 4 


Practioat MEASUREMENT or SAND 


the quantity of water used. in. each, batch: so as to 


ee 


oghy or saturated. Some years ago the usual method was by loose bulk as | 
received ; that i is, moist. There was a time when ingredients for test specimens : 
which specifications were based, were measured loose and moist. For 


‘some years, however, laboratory tests have been made “generally with dry 


_rodded sand, corresponding i in compactness to Column (3 (3), Table 3, and ehten 
se, from 15 to 30% more compact than the same sand as. ‘received on the job. 


2 Sie hus, the old specifiasion 1: 3 : 5 with loose sand would | correspond tol: 2. 5: 5 


with dry x rodded sand (laboratory conditions). “Much confusion resulted and j 


t a little. injustice was done contractors” by adhering to the 


specifications are now drawn to permit: on. ‘the work ‘correspond- 


ing to those used i in the laboratory. if bulk measurement is ‘permitted, allow- 

ance for bulking of sand in the r measuring containers is usually permitted also. 4 

When the bulking is determined experimentally, the error introduced is a 


| 
t than 5% in the total quantity of sand. 


13 Such a variation in a batch is not in itself a petious miatter ordinaril if 


‘other materials remain constant. Thus, from Fig. with | ‘the ater- 

cement ratio constant a variation 5% in the sand- cement Tatio will have 


‘scarcely any effect 0 on the ultimate Again Fig. 8) with the water-— 
n the sand-c cement ‘ratio will have small — 
effect on the strength, _ There isa more serious error, , however, if the water 


ere in the sand varies considerably. It may be. 3 ‘to 8% of the ‘total 


ight, or 7 to 20% (a ‘difference of 13%) of the total volume 


sulking may remain almost constant .. Therefore, the water- cement 


vary by 30% when the ‘sand-cement ratio: varies only 5 5 per 


cent. Thus, the variation of 80% in the quantity of water that may enter a 
batch is excessive; some batches will be too wet, and others too dry. The 
concrete cannot be handled uniformly; and, ‘moreover, one batch may be twice , 


wane The facts that only in _ occasional batches will the wide variations occur, 
and that by care. in handling (avoidance ‘of pits where s sand may become 
— water-1 -logged) a fair r degree ¢ of uniformity n may be attained, render it it possible 


use ‘moist bulk “measurement for sand with. fairly results, On the 
larger and better conducted Joba:thp water content, is checked frequently, a 
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i allowance is s made in meas ring additio: 


‘subject to serious error from batch to bate 


‘Weighing i is slightly ‘more accurate than volume allo 


f ance for bulking. An extreme variation of from 3 to 8% in moisture content 
by y weight, means only 5% in the sand; and making allowance for moisture by 


ne red 


tests from time to time reduces the inaccuracy. Weighing ‘makes it impossible 
have those extreme variations in actual quantity of sand—15 to 30%— 


ban oceur : in bulk measurement when s some ie of the ‘sand is mois , but some is Shots 
e for ‘usin 


Accurate measurement requires that sand shall dried 

saturated with water at the time of measurement. is is essential, 

r accurate measurement of the sand itself, but more particularly, 
t 


taining how much water goes” into the measured batch with the sand for 
determining the proper quantity of of water to b be added. 


_ Drying sand is both troublesome and expensive, an 


introduces a a probable e error of 15%, or more; whereas measuring der 


ater gives constant volume of sand and of water per batch. Hence, 
latter method is by far the best. The additional water required must he 


thé case Of the Pittsburgh sand ‘(able 3, Sample No. 1 8), tl 1e sand 


: measured loose under water (Column (4)) has the same bulk as if. measured | 


This. is true for Sample No. 2B also. Other samples, however, | diff 


in this regard, 80 that. it becomes | necessary to determine the proportions Oo 


the basis of volume in the state actually adop ed in the measuring devices, and — 


percentages of voids: when sand is submerged (Table 3, Column (0)) 
readily be determined. However, although this varies from 


35.2 to 48.8, of the twenty- two samples only two have voids: exceeding 43.6 


cent. “Therefore, ‘usually the quantity of water ‘required to saturate will 
bel less ‘that that § in Fig. 8; - and ordinarily it is necessary to add water in excess 


of that included with the saturated sand, in order to keep the mix workable 
vhen cement and stone are introduced. The containers used in the tests in 


"Table 3 were small ; larger apparatus give “pereentages | of voids some- 


To Capacity or Mixer 


concrete is placed in forms, the volume turned out by the mixer 
frequently exceeds t the amount for which forms can be prepared, and 


& mixer need not be run to capacity, or 1 need be » operated only part of the time. 
other. structures, such as massive masonry construction or conerete roads, 
the job. capacity frequently | is fixed by the mixer capacity. In any 


however, it i is most economical | to run the: mixer at its full capacity when 
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| 
running at all. The best. procedure measuring mate 


then be : adjusted to fit, and such variations as ‘are re necessary to. get just the - mix 


nbowld be made by adjusting the stone (measured by bulk, with 01 or 


and the e excess water (measured by bulk) . These adjustments a are e much ¢ easier 


to make than changes’ in the sand-1 -measuring device ‘(which ‘must be water- 
tight) and permit the mixer to run at nearly full capacity. iewup gldeitey. 1. 


if tin If, however, sack measurement for cement is required, the sand container 
"must be set for the quantity corresponding with the number of sacks of cement 


in the batch, after determining what volume of sand in the saturated condi- 


tion is | compatible with the proportions specified. 


x he The actual procedure must depend on how the specifications are worded, or 


interpreted. The method. will ‘be illustrated by assuming several different 


~ @ Suppose the specifications, based on the use of saturated sand, read: 


Toba “The shall be by bulk saturated with water, ind’ the 
or filling the voids shall be included in the batch. There shall be used in each 
batch * * * pounds of cement for each cubic foot of sand as measured. 
- Surplus water, constant in quantity for each batch, shall be added, as may be 
determined by the engineer to be necessary to secure the desired workability. 
tie “To the sand, cement, and water specified in this section shall be added the 


diac specification thus 3 drawn leaves the workability entirely i in the control of 


the is entirely fair and can be enforced without hardship. There 
be no “ over- or “under run’ of | cement ‘unless there is dishonesty, or 
the coarse aggregate departs: from specifications as to voids. 


tests with sand 


ey If the specification i is based on . laboratory 


if 
a “dry rodded” condition, it may read: 


“The proportions specified for sand, cement, and water entering the various 


grades of concrete are based upon rodded sand of the grade specified 


. (which should be the same as the sand commercially available for the work). 


mee oi measuring the sand, correction must be made ‘to insu sure that the actual 
quantity, regardless of the moisture in it, shall be equivalent in weight to 
the quantity specified, were it measured ina dry 1 rodded condition. sidey 

Then it 3 is easy for the engineer, or the contractor, to calculate ‘the number 


cubic feet of saturated sand that are exactly e equivalent to dry rodded sand. 


- Pack into a water pail (of Weight ; a) as much | perfectly ‘dry sand as can 


possibly ‘be gotten in, by tamping or rodding. The weight of the bucket and 


‘sand, éven full, will be ‘Weight: Empty. out the sand so that none will 
Jost, pour it: back slowly after the bucket has been a little more than ‘half 


fi filled ~ water, allowing the surplus water to overflow. Be careful. ‘not to 
ny sand. bucket is exactly level 
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ull of sand and water, wit gt the remaining sand will be ¢ and ‘tha ae 


of ‘the pail and saturated sand wit be d. ‘Weigh the bucket full ‘of water on! 


Weight of bucketful of 1 rod 
dont 


Volume of saturated sand to be taken —a 


included i in the saturated sand i isd-+ 


proportion of voids ir in the sand (filled. with water) 


‘if the Process of m measuring saturated sand i is carried out properly the 
e of water to ‘saturated sand i is practically constant, whether ‘measured in a 4 
pail, or in a receptacle 1 éu. yd. in capacity. 


The specifications are based on of perfectly dry 


shou loosely into a measuring box. 


Tn this case, proceed exactly as. in Case’ “using Joose ‘sand instead of 
(d) If the specifications state “The sand shall be measured by bulk, in the 


condition received on the work, loosely. shoveled into a measuring box of 


fa _ known cubical contents”, they are inaccurate. It would: pay the contractor t to. 


have sand either dried or water-soaked before delivery, if such pecifications 


: (e) ‘The specifications eall for the sand to be weighed with or without an 


: “ 
allowance for, moisture content. ‘Suppose ‘that “The n mixture shall 


_ sand, cement, water, and stone the sand | and cement to be mixed in the 


ortions of 2. to 1, by weight”. Int this case, if teres measurement is sie 


mitted | (as it ought to be), proceed | as follows: sul 


Take a bucket, ‘Weight a, and a quantity of perfectly dry sand, Weight b, 
| than sufficient to fill ‘It. Half fill the with and d then fill it 


emp the bucket and fill it water, calling ‘the weight, 


= weight of 1 ‘cu. of saturated sand 
Let the specified ratio of sand to cement, weight (in the: example 


ed, Then, for every -eubie foot ‘of saturated sand used, take 


_ If cement is to be measured by the sack of 94 lb. net), for every sud of 
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The ratio, —._—___— or its reciprocal, can n be determined once for all, and 
t will not vary as much n as the probable fluctuati tion in the water content of 


the sand as as delivered | on ‘the job. "Consequently, this method is more accurate 


re than weighing ‘the sand as the sian specifications require. It is, in fact, * 4 
of weighing which avoids the use of scales by employing ‘the prin- 


gravity and’ approximate constancy of voids when sand is 


Practical constructors who have used bulk cement by weighing, ‘report that 


physical properties of brands, all passing standard specifications, cause a very 
considerable difference i in the readiness with which various cements 


=— 


through gates when being measured. The finer ground material arches more 


uickly under pressure is more dusty when the arches break. When» 
mixed with air only, the dry bulk « of a given weight varies ‘exceedingly, not 


only with a different, but with the same, brand of cement. ‘bal 


Cement differs ‘so much in volume, according to the “degree. of 


applied and time allowed i in compacting, that this type of measurement | should — 


never be used. Cement should always be measured by weight. As a sack of 
cement is filled at ‘the factory by automatic weighing machinery, the contents - 
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may be taken as 94 lb. as equal: tol cu. vu. ft. With the sack as a unit, 


__ specifications of 1: 2: 4 ahs y sack of cement, 2 cu. ft. of sand, and 4 cu. > a 


of stone, or multiples. of these quantities, t to each batch. ay 


With cement shipped i in bulk, it is necessary to each batch ona 
pendent of the cubic foot as a unit. Weighing also enables the batch to be 


made of a size to work the mixer to capacity. _ This distinct advantage recom-- 


-mends the cement into ‘batches even when it is in’ sacks. 


‘mined by test will always be smaller than the : spaces 


much h the necessary. i inerease be. The amount, mortar 


Hb depends in Part on the fineness of the sand, and in ‘part on the fineness of the . 
stone. In any event, one thing i is certain—the greater the percentage of voids 4 


in the stone the more mortar will be ‘required to fill them; and the most ¥ 


economical ‘sample | of stone or. gravel will have the ‘smallest percentage of 
voids, provided the smallest fragments of the stone are not too small. Tit oh bbe 


not 


vary in 1 volume when moist, 


ever, in the shape and size of fragments, mk consequently i in the voids. re oe 


py percentage ¢ of voids in coarse aggregate by water test may vary from a max- 


imum of 55 to a minimum of 35 ‘per cent. _ Assume, merely for illustration of | 


A - the re relative 1 merits of ere: by bulk 2 nd by weight, that ‘stone received on a b 
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|The he proportioning must be based’ on 


‘TABLE 7.—VouumEs OF Srong, AND V 1N Custe Fret 
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Of course, there must also be some addition for the propping action of the 


nd ; grains, to be rere | by experiment, but it is evide nt that when bulk 


measurement is used, and the stone has 40% voids, the batch has 2 cu, ft. 


more solid stone, and still is more workable 1 thea | one with 50% voids, “Clearly, 


erefore, where fixed proportions are ‘specified, it is. better to ‘measure the 


~4 stone by bulk rather ‘than by weight, and thus to place a premium on securing © 


2 
the most suitable material. To measure stone by weight when it is p paid for om 


ii 
the ton to concrete of equal cost per yard, but not 


Vol 


“providing of several different grades of stone at the job, and a | corresponding 


_number of separate volumetric batches h has much to recommend i. 
RAR 
“cases, however, , it is more in the run to use > this ag 


as it comes from the crusher or the wa 
batch: rather than to go to the expense of special preparation 24 


‘When it has been stored i in large stock piles, ‘there may be considerable varia- 
tion in voids owing to caused the larger fragments rolling down 


to allow for variations Be voids by combining bulk 


measurement. t weight ‘measure ent. 


sufficient for 
‘OF 
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amount Of mortar 1s a batch of stone having maximum void _ 
Gs 


spaces sup] aximum i 
— 50%, and that it is penssissible to use such stone in a 1:2: 4 mix on a given 


job. However, when the stone i is better graded, it would be allowable use 
more of it, say 1:2:4.5, because the voids: are less. The problem then ‘is, how 


proper mixes from batch to batch as the work is 


a at we aaw GAT 
This using a bulk measuring batcher mounted on scales. 


It is set for 4 parts of stone, by volume. — When filled, the stone is weighed, 


he scales indicating automatically how much shen wih may then be 
ntroduced, by weight. e. On a large job quite a saving can | be effected in this 
way. ‘The owner’ 8 inspection is concentrated at the batching and 


plant, : instead of at the quarries, sereens, and bins. Further, it i is to the « -con- 


tractor’s interest to procure the best graded stone possible because the ‘better 


quantity he can use, of the more 
HE Size OF THE Jon an 
‘considering best method of measurement for any particular piece 
4 
of work, the size of the job is important. —<dti is not always economical to go to 
the expense of providing accurate measuring devices, for on a small job it may 


_ less to allow for variability i in the materials by using more cement, and — 


by taking greater care, especially in the quantity of water used, even with 

crude devices. the work, greater, will be. the saving 


Most 


considered. is believed, however, that the point of view here “presented 


the very practical problem of “measuring 1 materials for mixtures 
ill be helpful even in many cases where, for good reasons, it is not deemed 


ge 
wise to resort to the most accurate methods 
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use of equipment already or available one of ‘the to 
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ANALYTICAL SOLUTION OF pom S: 


$ Dav C. CoyLe M. AM. Soc 


th 


tary. formulas of which | are given in i 
Society. The following discussion deals with the more advanced nc 


involved in the problems of partial loadings: and wind loads. 
The assumptions involved 
approximations, | but in the investigation of unbalanced Toads ‘the aim is not = 
so much to get an exact knowledge of the actual stresses £ as to obtain a theo- 
retical assurance that i n the case of some particular dome these stresses ‘may* 
-safbly be neglected. — The formulas based on roughly approximate assumptions 
will give results which indicate the. order of magnitude of. the stresses i in ques- 
tion and, in this way, serve as a guide to the judgment in unusual or extreme : 
cases in which previous experience cannot be called upon for guidance. 
_ Following: a summary of the notation and the elementary formulas from 
the previous paper, the discussion deals with four cases: (1) Live load on one- 


half the dome 3 (2) live load on the center load on the 


NorTs.—Written on paper be in December, 1929. 
* Structural Engr., Gunvald Aus Co., New York, N.Y. 
Re “Analytical Solution of Masonry Domes,” by David C. Co yle, M. Am. 
i Soc. C. E., Vol. 88 (1925), p. 102. 
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He 

Phe following is the ounds per foot of horiz 
dead or balanced loads, 

> 4,4 


T same for live | , fo ema. 


see ike = ring stress, in pounds per foot of profile. le. i. 
and Br are analogous to At, etc. 


~ gion in the bottom ring of a vertical lantern, in pounds. q 


Ly » Vw, and Re = shear on the horizontal or vertical eae at any — due 


ténsion i in the top ring of a vertical support, or. compres- 


sum of all wind pressures above ievel, 
wind load per square foot, at 


distance of any point ‘above reference plane. i 
= = abscissa from axis of dome (plus to the right). 


of curvature of profile at 
= horizontal distance from x to axis of ie 
angle between radius, R, and horizontal. = —S 
“a re 3 bursting force on a circle of radius, r, for ‘an area” 
of 1 ft. of circumference times 1 ft. of Drofile, _ 


~ 


of an unbalanced load. pas 


boows' R = radius of | of the on a diagonal, at a. oF 
D = semi-diagonal of a horizontal section atz. i, boy 
semi- diameter of a horizontal section at 

number of sides of polygonal horizontal section. off 


ie side of a polygon on a horizontal section at x. #9 


= angle between diagonal and side of polygon. of Oe 


in a horizontal element at, level, x, in foot-pounds 


“ height from. top of dome to level,z. at 


pias uniform weight per square foot of shell. 
aed = uniform live load per square foot on loaded area: a 


- uniform wind per square foot on the entire surface of a a 


= height from ‘center of point, 


eight of in pounds. 


= vertical of top of masonry “above 


= slant height of top of masonry above x. 
horizontal radius at top of masonry. 

uniform weight of shell per square foot. 08 tn 


= uniform live loads and wind per square foot. 
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, x, equals 


—prtan... 


The 6 meridional compression ‘at the level, z, in pounds per 


of circumference, equals 


a ‘the top, t 
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The equations Equations (2), and (8), for spherical 


T Transactions, Am. Soc. C. E., Vol. 88 (1925), p. 105, Equations (4), (5), and (6). 


t Loc. cit., p. 107, Equation Lived corresponding to this formula, is incorrect. ii 
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The tension in the top of a a eylin- 4 
drical load, applied at the level, z, equals 
es near the top are: 
3 

corresponding equations tor pyramoids are: 

— 


seriously as to render the results valueless as a 


aw 


91 9 & | 


= 
a homogeneous conoidal dome, with the lines 


of stress in the vai of the thickness of the shell, and with a vertical live 


; load over ‘the right half of its surface (see Fig. ay “The total live load ‘above 


the level, x, is equal to G, its center of gravity being distant, | e, from the — 


he horizontal section at the level it is roughly ssumed 


al components. of ‘the reactions. resisting the unbalanced | i 
distributed over the s section in 1 accordance with the common theory o of flexure; 


under load affect the | accuracy assumption, | but n not so 


2 


(| ‘all points on 
ical Section —- pal | Section B q 
ending stress du 
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i, ‘Then, the direct vertical load on the horizontal section is , the moment « on 


the horizontal section is @ e. The section modulus of a cylinder ft. high, about 


a horizontal axis through the center, is ae derived as follows (see Fig. 2 (a)): E 
1 


 Seetion. modulus : (@ +4, +a) (@— dy) 


Ye. 


401 


sbivo 


and agit 134 tract + ot 


if d is larger. and t= 1the section modulus = n ‘The extreme fiber stres: 
in pounds per. foot of circumference, due to eccentricity is vertical 


au e point, y = te r, in Fig. 1, is pad 

any point, equals 1 + “a This corresponds with 


the uniform vertical component of the areca due to balanced loads. A similar 
derivation, therefore, will give the formulas: 


r tan 9 


verti sections at any point; that is, ‘the principal stresses: are not horizontal 
meridional. 
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Consider the. dome to cut off at t the section, 2, and to rest on 


he - ‘the top of a a thin cylinder. In general, a ring will be r RS at the top ‘of the 


cylinder, ‘and below this ting, the stresses in the. eylinder are vertical and 
in amount analogous to any. eecentrically, loaded pier. The stress” 


‘in the. ring is given by Equation (22), and is seen to. ) vary with y, the: ‘distance 


‘the neutral axis. Below the Ting there is no horizontal shear, vas all 
stresses “are ‘vertical. The change in streas in the ring, therefore, must 


brought: about by tangential shear between ring and dome, Ww hich is the ‘same 
as the horizontal shear in in the dome at this dome is assumed 
in} thin and to carry no radial shear, =}. 


The tangential horizontal shear at ¢ any point in lev is then equal to 
being the are (see Fig. 1()). T hen, 1 since vy ~ = —-5 ti tan 6 and - 1 
tan 6 


be 


‘Special values of ‘Equations (20) to eet are given in Table ae 


will be | about the 


game fot half toads as they are for the dome fully loaded,” since is about 


TABLE 1 -SprciAL V ALUES OF (20) TO (28), 


Ju 


Pp Pyramoidal Formulas as—The general formulas for ‘pyramoidal dome 


uld involve an expression | for the section modulus of ‘the polygon about a 


horizontal axis, which ‘is impracticable. The method may be illustrated by 


common form of pyramoid—the octagonal; any other for 


Let ‘one: half the dome be loaded,» as diced) Fie. 3 (a the load G 


with an eccentricity, ¢. The value of of e may be imated roughly | ‘by ey 
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(b) Vectors 
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tue to moment be: U, and 


Stresses at Point 


ab Point total load above: Point (1), Big. 3 


(26) 


Bele 


flerivation ‘similar to that clomentary -formula* 
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@ = tan dé spproechtng 0, this reduces to, 


] G D ta 
at Point —By a process the for Point: (2) are: 


“AB NSS 6d 
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theory herein applies only to domes of dink Whee. 

| % ‘aa space between the ribs is filled with glass there i is no material to carry oi 

shears shown in ] Equations (40) to. (42). The tibs in ‘this case have to 

thick enough | to distribute the unbalanced loads by bending. ‘The 
stress does not remain in the center of the ribs, and the present theory ' does a 
apply. Domes of this, type may be treated by computing the bending 
eaused by distributing | any load over the entire surface, 


after which the stresses are found for the uniform load and added to 
hehe 


When the ribs are filled in with solid- masonry there is a bend- 


: ‘ing in any horizontal element, representing the action necessary to carry. he: 


bursting stresses ‘to ‘o the ribs where they are held by the tension ring stress. 
a in the case e of balanced loads, + Mi is “approximately equal al , in 


foot- -pounds per foot of profile. Substituting the several values Br, fr ror 


Equations: (28), (31), (34), and (87), there 2 are found values 
ribs, those of +M between ribs being estimated by interpolation. saute 


herical Domes.—The : area of a surface with a depth of 8, is 8, 


ive load covers one-half this surface at a uniform rate of 9g Th. ‘pas oq, ft. 
tion (20) becomes, 
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ra complete quart 


ion: 
(r a 


sgez(r+ 7%) 


Tor 


load 

Obv: , al 

x 2, are as 


am 


— 
thts = 0; tan 9 =~; and | 
3 
Be: 
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4 
This vahie of B may e greater than that for full lead, as the negative term: 
of Equation zero, 


is Te 38 s than for full load, ( G being less 


3 a 7 his i is shown i in Fig. 4, with ‘the load below 1 the line, © 2. = the level, j 
24a, , the stresses are as determined by the elementary formulas, for dead load 
only, and d all of them are . smaller than the stresses for full load, so they 


‘the the loaded area: 
Br = —gr tan 


_ ‘This: indicates the 2 fact th that when B is ‘compression its maximum n value i is 1 for 


p to ‘the. level in question, but not above it. 


¢ 3 


6—gr tan 
or (54), respectively, 
; 


is lees) in tension or compression, meant values found by E 


The values of A ail C are less. than those for full load, and may be neglected. 
Case 4 TRESSES 


—Fig. 5 shows a subjected ‘only a horizontal force, 


tal of which, above a given section, 2, i is F. > ee is assumed for the sake of _ 


on, and 


, the extreme fiber 


» 


stresses are + —— 3 lb. per ft. of circumference. Similar assumptions are involved « 


as in the case of partial live loa 
cal ewes of the ‘stress | in the dome at any point i in the hori-- 


“The horizontal force, f, per square foot, parallel to 


y-axis ‘has components: , radial, and fs , tangential. 
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Therefore, it . 
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Mg 

fas 
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4 
orce, f, per square 100t, parallel € y-axis. Ihe center of pressure 
a is then at the center of gravity of the surface, a distance om aq 

wind moment is Fe. The section modulus bein 
— 
— 
i zontal section is th 


meridion, distance, y, from the neutral axis. The valués of + r, y, and'é are not © 3 
has same for @ and for 6 + dé, but when d 0 appryeches zero, _ the differentials J ; 


“these values disappear without “affecting the result. They are omitted, 
ther ore, in the calculations. | flav wit Tee 2999 al 


1.—Meridional thrust from abov 


ontal is, tan (+: d 6), and the \ Vv rertical component 


oe -—Meridional thrust from below: The total force on the dome down to a 


thrust is (F ao fyi 
3 tan and the v ertical com- 


-The horizontal wind force, f per sq. ft. % on voussoir equals) 


R d and the component in a radial plane is bay 


“The resultant of the vertical components of the ring stress, equal to 


_ the difference between the or components of Force 1 and of © 


of the horizontal components f the ring 
of the ring stress: is By Rd 6. ; 


be called H R d the of all ‘the 
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The forces acting on the voussoir in the radial plane, are as follows: Hotds , 4 
(6 + 6), of which the hori- = 
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Substituting for: ‘tan n (6 +46) its equivalent, ‘simplifying, 


HRde 


ey 


+2 
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SBR) 


E ig. 6 it is evident that the meridional thrust j is: Aiden: ab gat iy 
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the dome to be « on a thin cylinder, not capable of carry- 


g any radial shear. The wind will be resisted by tangential shears: in 
A ring will be required at the top | of the cylinder. The tension i in 


Gite ring is the horizontal ec component of the meridional stress, multiplied by » 

The total shear applied by the dome to the top of a | ring at any point is 


the sum of (1) the tangential shear applied through | the ring to the -eylinder; 

and (2) the shear required to produce the change in ring tension occurring at ; 

this point. The latter r will be analyzed first. Consider an element, d 8, of this 

a7, tension 1 ring. ‘The in in the lemental distance, au 


ant; 


due vind, carried by the isa tbtal of 


maximum at = 0 be—," Ww which i is as follows 


proportional At shear —d Ls,in w 


component parallel to y-axis is ds ; but 


of the circle = on = or a Therefore, the 


2 er f Then, : 


the will be about — , of which the component 


= 


Now, | d y is the area of t = ars the sum of com 


to Fi is XxX ar’ = F, as required. 


the ‘deus the ring is, in to the 3 ring ‘toward the 
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irect wind thrust is, in a sense, to drag the tua the aa 


he tel ee shear at any point is the difference of these two shears, or: 


+ 


axis, 
in case of unbalanced live the method will be 
illustrated with. the octagonal pyramoid shown i in Fig. 3. . Consider it to be a 


Beer upon by a uniform horizontal force of f per | sq. _ ft. over its entire eurfoce, ht 
me naking. a total shear, F, with an. | eccentricity, 


rd 


of the are as follows: _ 


Meridional thrust from above, - 4 sec + d 


(b) -Meridional s stress from below, (F +8fLRd sec 


Horizontal wind « on ‘voussoir, in ‘diagonal plane 
. (a) Horizontal resultant of ring stress in diagonal pla 
quating the sum of all herisontal: components, a, b, ¢, d, to 0, and solving 
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‘he ina element of the face ‘equals + + M (approximately) 


Ta | due to thrusts. or To this is added the moment due to wind cessed! 
applied: For Line (1) and Line (4) (4) ig. 


and Line (3) 4). M and for Line. (3), 

The stresses due to these moments: are ‘be! added to the ring stre ses 


Wind, spherical domes, ete., . formulas analogous to Equations 


ean be derived the for the: sphere, ‘ete. 


0 It is . possible, by the use of the foregoing equations, to | 


‘point in a dome the combined horizontal ring stresses, meridional thrusts, pad 


shears on the horizontal plane, for dead/ live, and wind loads. in 


treme cases, as unprecedented size or shape, would it be necessary, of 


course, to go into such detailed investigation. Supposing it to be desirable 


in a given case, having found the total stresses, Br, Ar, C7, and Vr it remains» 


to find the maximum or principal stresses, “and the direction i in which they ig 
The following method i is ‘derived from Rankine. 
Consider an elementary ‘surface, oa (Fig. 7), with its. perpendicular 
to Ay, Ts Br, and the principal stress, Ap . Apa and Bra are ‘positive as tension in 
the directions, A o and B 0, the balanci ving stress, » Ap, i is positive as tension in the e 


direction, 0 0e= ‘The shear, V ryis positive as clockwi ise on the vertical plane, — 


opposite in sign to the direct stresses, Art and Br. 
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pores 


Lat do por o be ther total components {ating et on the parallel to the 
axes; their balancing force is the same as o fy the normal force, since 
tangential force in a ‘principal plane. erst és 


Broa— Vrob 


fe=c 0 sin. 0 cos 
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| 1. Unbalanced Lead: —Cons ider in Fig 


a 2 spherical surface of radius, 200 ft., and f= 100 ft. 5 let the dead load consist 
fr 8-in. conerete fad Ib. 
In Table are given for ‘various values of 0 and See ) 


A 


> 

= 


Due To Lv: 


2 Os e274 95; r = Ti ft.; e = 81 ft.; area of dome above this 
= 16 400 sq. ft.; and G= = 80 000 Ib. 


re area = 8700 sq. ft.; and = 


it is evident that the stresses — to unbalanced live load are ae in this 


ease very alarming as WE with those due to a balanced load. . The distor-_ 
‘i 


tion may be roughly computed as follows: : Suppose the modulus of elasticit ty 


to be 2.000 000 for compression and 1000000 for shear, = 


© 10 Ib. per in. 


_ is about 400 in. high along the profile. The distortion a equals ee ee 0015 i in. 


1842 MASONRY) DOMES? UNBALANORDToape Paper, 
_ -e tan 6; = 1.74; sec 0; = 2; r = 100 ft.; e = 45 ft.; @ = 170 000 Ib.; and area of dome = 84000sq.ft. __ oo. 
= 2.65; sec 6g = 2.82 
Deadloadstress [| —990 [ = 
— 
— 
— 
— 
7 
— 
— & 
— 
j 
= 
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Distortion of the Horizontal Ring at the 


py: 
half i is compressed under an average stress of 600 Ib; pen of 
height, or 6 Ib. per sq. in. _ of concrete; its — 


on the right half is —————_ 0.008 in. Similarly, left strained; 


zt Therefore, the right malt circle is about 0.005 in. smaller i in are length — 


n the left, and at the the time has been moved toward the left about 


015 in. It i is evident that these distortions are not alarming. | Hey. eee 


~The: distortions due to balanced loads a and temperature may be treatec 
ere by a similar approximate method. If the dome and the ring at the base — 


“change their temperature equally, the distortion will obviously be slight. | A 


temperature drop ¢ of Fahr. on ‘the dome only, , would shorten the half” 

—~, or about 0. 8 relative to average meridional 
load thrust is about 105 Ib. per sq. in. Using 


of 2 000 000, this | gives a shortening of the half profile of about 0. 07 in. The 


in 


‘tion and bending 
48 DEA 


At the same time the stretch of the ring, amounting to will mapene on 
a tension abou 


‘fame } part of the load of the a stone it will | open the 


--vertical joints to a point where the dome will settle enough to keep the joints 


closed. Between this point and the ring the ‘shell will } have a conical surface 
stress, tangent to the theoretical surface, and running to: about. ii 


outside the the ical point of support. 10 tind’ han 


4 


Example 2.—Consider a hemi- spherical dome of ft. _ radius, built 


-in concrete weighing 100 lb. per ft., and with of 10 Ib. per sq. 
f superficial area. . (See Fig. 9. D2 The formulas used are ‘Equations (61), 
(62), and (65), and the results are arranged for convenience in Table Ronis 


9208 Distortion—Shear Deflection of the Neutral Axis Up to the Level of 


The average shear | ———— 15 lb. per sq. in. The length of the are is 660 


e deflection equals 1000 600 = 0 01 i 


— 
— 
j 
— 
4 | = @ 
— @ in the same ratio, or about 0.48 in. The center will drop down, due to all § & 
ie 
= ey 
4 
ii 
— 
| 
— 


2 000° = 0.00 008 


Similarly, the left side has about 0. 008 in. contraction. The right. semi- 


circle i is then about 0. 016 i in. longer than the left one, and , at the same e time, A 


has been moved toward the right about 0. 01 i in. by ar deflection. = oh 


tan 6, = 0; sec 6; = 1; r = 100 ft.: e = 50 ft.; R, = 100 ft,; area = 68 000 sq. ft.; and F = 680 000 Ib, 


KY 


—100 cust 


000 000 & 


= 0.57; ‘sec Og = 1.15; R = 100 ft.; r = 87 ft.; e = 25 ft.; area = 31 400 sq. ft.; and F’= 314000 Ib. | 


mal 
100 ft.; = 50 ft.; ft; area = 8 800 ft.; and F = 88000 lb. 


The exact theory of domes, as ‘distinguished from 
given in this ar and the preceding paper, involves t the elastic ‘deformations caused 
by the stresses, and their effect on n the stresses: themselves. A treatment of 


the elastic’ theory ‘as appli 
paper: ‘by Dr. Peter Pasternak, * of Zurich, Switzerland. 


fig Iti is obvious that the elastic: theory i is of great value : as a means of under- 


standing the nature of the “secondary s: stresses as well as for. finding their 


exact ‘amount. A The common \theory can be used with assurance only i in those 


cases where the. distortions are too small to. be dangerous. The examples 


 * "Die practische Berechnung biegefester Kugelschalen, kreisrunder Fundamentplatten 
“aut elastischer Bettung und kreiszylindrischer Wandungen in monolither Ver- 
fir angewandte Mathematik und Mechanik, Band 6, 1926. 


= 
Pension Distortion in Right Half \of Ring at Level of 6,.—The average 
480 Ib. on a section'8 by 12 in on 5 per sq in The length 
— 
— fo: 
ne 
hi 
— 
tan = 1.74.; see 
— 
— = 
— 
— Lig 
— 
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Qu 


in icate a judging rhet ther di 
,ommon theory, o whether it must be studied by the ‘more « e 


covering symmetrical loads and stresses for domes 


is also a set of formulas for wind stresses. 


- These give stresses” which are in most cases necessarily less than ‘thos 


for symmetrical loads, or else ‘they may constitute 80 small ‘an addition as t 
iy be negligible i in . practice. — Their value i is chiefly i in _ providing a means by: which 


the engineer who is fac ed with a dome of, unusual ‘size or shape 


himself i in regard to the order of ‘magnitude of the neglected stresses. 
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ers, August, 1929.) ASONRY DOMES: UNBALANCED LOADS 1545 
age d safely by the 
In this paper the theory 
fF dome only, the area above a given level, or the area below a given evel. There — — 
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PAPERS AND DISCUSSIONS 


Society is not responsible for tatement made opinion 


THE PLANNING OF CAPITAL C 


| 


-DeBorr, s+ Esq. 19% 


| 


- As this is the first of an intended series, of papers on the ‘ ‘Planning Oo ‘Seg 


Capital, Cities”, some general remarks may serve to define their scope. 
Capital cities dot the “map of the United States from. ocean to ocean and 


Mexico to. ‘Canada. They include varying conditions of climate, com- 


merce, and shwuinsl characteristics; but they are alike in that each is the seat ae 


of government of State. i are old, others are 
and are still developing ‘ “growing, pains”. are located on ocean, » lake, or 
outstretching many are favored with an eminence 


“i 
which t to place their significant building which is” the 1e emblem of. State 
It is always of interest in studying the origin and development of an 
important city to know who made the first “street. plan; how this has been 


enlarged from time to time and whether the city has a planning commission a: x 


a and has been zoned. % Because of the many lessons that can be drawn, and the 
, older history of ‘development which can ‘be. studied, reference is made in the 
paper to several of the better known ‘European capitals. The City Planning 


can find much ¢ of interest to study i in foreign capitals. 

_ After noting the general characteristics of capital the ‘Paper 

q a of Denver, the ‘eapital « of Colorado, and o 


and transitions in stages of growth. “Attention | is called to ‘the variou 


attempts in city ‘Planning ; to ‘the fact ‘that the location of the Capitol has 
acted ¢ as at Bulbs and, to some extent, has dominated the street system 


Wie: Considerable attention is given to the recreational system of Denver and 

its environs, as to the application of principles in the development 

Denver plan, and the uni features of zoning which are a plied ‘tusebes: 
qu 


NoTE.—Written discussion on this paper will be closed in December, , 1929 
_* Presented at the Technical Session, Denver, Cold., July 13, 1927. 
Technical Adviser, City Comm. of ‘Denver, ‘Colo. 
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the work which the s urr unding re region on their 1 means 
existence, cities can be ‘classified as factory, mining, agricultural, commer- 


rei cial, residential, or tourist cities; health resorts or educational centers; and q 
military « or capital—that i is, - governmental—cities. ee is true that most ‘vin 
in ies include more than one of these classifications, and large cities’ 
"often | cover all of them; ; but in the life of each, except the metropolitan center, 
"some one feature is predominant. In the United ‘States, few capital cities 


have a metropolitan character. in planning for their future, it is proper, there- 

fore, that major emphasis be ; placed o1 on those features which will. focus atten- 


St should be remembered that, not only are | the reins of government ented 


n a capital city, but also the pride of a ‘State or of a Nation. 3 Modern civiliza- 
tion is not as yet far enough removed from the feudal days, but» that the pr pomp 


4 we "his country, but its citizens still want to point with pride to their | govern- q 


babe ment, and this pride i is more and _— becoming embodied in ‘buildings and 


naan These fundamental facts determine the character of the plan according to 


which a government city should be built. It must be laid out on liberal lines, 


plans, fearing the City would become too powerful. The first basic plan was 
d 


with wide boulevards and attractive parks. _ It must have large, open plazas, 
seal which i ‘imposing governmental buildings can be ‘grouped, and the main 


group with its plaza should be developed into a civic cotitie.” has fea 
__ Thee civic- c-center idea reaches far back into the history of Rome when the 


ye but. the idea of beautifying capital cities and planning them from the outset 


i had its origin with Louis XIV, the self- styled “King of the Sun ra of France. 
‘bet 


i He hired Le Notre to plan the gardens and city of Versailles on a scale of | 
<4 magnificence which the world, at that date, had not witnessed. — Jealous of his 

fame, other princes began to build similar cities, or to beautify their existing 


German prince began the building of Karlsruhe. 


“The City of had corrective plans” as far back a s 1664. 


It seems that the Royal House of France retarded the development of these 


eveloped after the ] Revolution, and it was partly carried out by the First: 


Napoleon as a military necessity in controlling the city. a I ‘he Third ‘Napoleon, 

‘the assistance of Haussmann, completed _more of ‘the work, also 
4 ‘ 

military: ‘purposes. — “In spite of the military influence, Paris has developed a a 


Plan that is following the general lines characteristic of a ‘capital city, with — 
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splendor attending governmental functions are still objects Ol admiration. 
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3 the ‘exception of the ree 


‘The City of Vienna is. an interesting of | capital developed 


a 


“The outer streets radiate from this circle boulevard. — The i inner part. of Berlin oe 


‘ is carefully planned with radiating traffic lines and circular boulevards, ee 
| placed. mainly on the old fortifications. The newer of Berlin | 
: o ‘The City of London has no apparent design. it has been built on the prin- 
ciple of expediency of the moment rather than by following a comprehensive 

: idea. In spite of this, the Houses of Parliament , Buckingham Palace, and the 

Administrative Offices along Whitehall are or less connected 
remainder of the city seems to follow the lines of cowpaths rather ‘than pl anned 3 
city streets. _ Through the conglomeration of blocks, major streets wind their 
more or less indirect ways. The ‘proposal of the great Christopher Wren would 
have made London a well- planned | city, after the fire i in 1666 ; but it was never 
adopted. — The reason London can exist and | grow, in spite of this street 
handicap, i is the fact that its transit ipplies the need for 


4 


= 


"case, the the ruling thirds the circle i is by 
Royal Park placed | back of the palace. city: in front s well planned, 


bx et the plans thus far discussed were designed before modern means of trans- 
portation: affected the | city” plan. ~The of Canberra, Capital City” 
takes into ‘consideration not only this, but also the ‘still newer ide ideas 
of zoning. u Each of several centers is laid out as an independent city, connected 
with the other units by - broad and direct lines of traffic. Canberra has a main 
1 civic -center—the group of Government Buildings. Around it: are 
secondary centers, such as the municipa 


suburban districts. 


QaprraL oF Cotora 


> nations 


ge is third in population among State capital cities. if Built at ors foot of the 
Rockies (Fig. 1), it has as its background 200 miles of the Rocky } Mountain — 


| ae range, , towering up to peaks : more than 14 000 ft. high. | As s seen from the city, 
a - this ; affords one of the most magnificent vistas | any ‘capital « ever had, but, at the 
: same time, it has been one of the most serious barriers to commerce. — Denver é. 


4 had its s beginning as a mining town in 1858, a 
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1 All these cities are Capltals or larg in which the Government 
eenter is dominant. In the forty-eight "tate capital cities of this country, 
- the governmental feature is of less consequence. Many of them, however, are Gem 
typically administrative cities, and would they are to-day were it 
rst 
for 
a 
ith — 
ith 
and immediately became the lead- 


CoOL 
1g city of a large dist trict. Mang. of the mountain valleys open into the plains 


ree 


near the c cit and it soon hesdine the distributing } point ‘to the mining cities in 


Company, the proposed tne over Berthoud Pass was as 
n Wyoming, with as a division 
serious calamities the fight and co- -operation 1 necessary to overcome them 
may carry the city to far greater success than it would have reached otherwise. 


‘The citizens of Denver: were jarred into action n by this location of a railroad 


for build other. lines, at. the Colorado was 


admitted to Statehood, the city was the center of eight railroads . .ai9t te ris 
_ ‘The Rocky ‘Mountains have always been a barrier against the city’ s Trail 


road connections to ‘the West. At. present, ‘Denver has thirteen railroad lines 
reaching out in all, directions, minor lines" reaching into 


naximum a has wonderful 


avoid the heavy grado over th the range, the Moffat atock. six miles i 3 in | length has 
been built through the mountains. It was financed ‘by the counties 
*: % Denver carrying the major part. This javond: will eventually pu t Denver on a 


major transcontinental line. Connecting lines west of the tunnel are still to 

be built, but once this main line is in operation, the distance to | the Pacific 

Coast and to Salt Lake City, Utah, will be reduced by 250 miles. arth. 
_ Being located i in the arid region, its water supply is is another prublese of the 


City of Denver. ey has ample water for - domestic use at present, but with — 


the expected g growth, the city is laying plans for a far greater ‘supply. 


- quantity: of water contained in the drainage areas of the State is limited, 4 
and a large part of it must be used for the irrigation of farm lands . The city - 


cannot utilize this irrigation. water because, with the grow rowth of the munic- 


ipality, the watering of a larger acreage of farm land around the oe | 


become as essential as the greater domestic supply. Scientific | use of water 


be one of the problems the city must face. Plans have been ‘effected 


use ‘the pioneer | bore of the Moffat Tunnel for an additional supply of water t 


be carried from the western slope of the mountains to within reach of the e city. 


¢ blocks of were from the city’s main 
3 "thoroughfare to the top of this hill on which the Capitol was | built. i The build- 


ing v was placed in such a way that it commands a beautiful view of the Rockies _ 
(Fig. 1). The tower is located on the axis of the city’s main shopping street, 


but the building is shut off from this street by one block of stores. In the 


days, the city failed this shopping street to the Capitol 
of 


as 


a ne Capitol 
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Fifteen years after the completion of the St 
Plans for the development of a civic center, 
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an open- air theatre, a and an orna 
mental sddtoniin: now stand (Fig. 1). In 1924, the city acquired anothe 


the erection of at new City E Hall and Court: Denver is 


is an cities. is scarcely ‘more than three- 


core years old, but it may be stated that it has sensed its ealling as a capital — } 


mi etter than many an historical city. Ata considerable expense, it has ‘acquired 5 
a this civic center in front of the State Capitol, and ha s begun laying it out in ( 
4 one of the best known, if not the most attractive, municipal centers of the 

world. This has proved to be a good investment. The actual return is an 
indirect. one, and is difficult to estimate, but it that city’ added 
ae income pays 3 for the cost of i its Civic Center every | two years. . 

Regardless of the accuracy these figures, its: the 


attitude” of the citizens themselves. _ From ac active > opposition during 1 the 


period of of construction, this viewpoint has changed to one of j impatience e for 
any delays” in continuing the w ‘and of anxiously ‘guarding: the treasure. 


Denver is ‘planning another Government center. The Federal Bu Building — 
For: many 


and Post Office was in a remote corner of the commercial section. 

years” the location has seemed unfortunate, from a business standpoint and 
because it does not tie in to the State municipal group. ‘There was a time 


when the Civic Center needed this e xtra building. ‘Time, however, healed 


‘this, “also. Down-town ‘Denver is growing to its Post Office, and the added s 
coutbdahes in its Civic Center has made the. Federal Building unnecessary to 


the municipal and State group. - Other Federal Buildings’ are. needed, however, _ 
— and now the City contemplates a ‘special plaza for this purpose. ae he people of 


- Denver would not think ofa second ¢ center had its main Civic Center not been 


> 


tthe The population. curve of Denver shows a steady growth o of 2 2.1% 


At ‘the present rate, the city will have a population of | 520 000° in 


; plans ; are now being completed for a major street layout based on this estimate. 
Traffic studies in th the down-town district have shown conclusively the need of 


a a belt boulevard for traffic around ‘the business district. ‘This line will consist 
- wide boulevards that will tie the municipal and State centers to the Govern- 
ment center, to the hotel district, to the Union Station, and to the major arterial — 


lines. It will encircle the business district, , and 1 traffic, can enter from all 


sides. belt boulevard will take on on very much the character of, the 


‘The main pita line of the city is Speer Boulevard Fig. 2) built on 
borders of Cherry Creek. the time of its construction, the creek 


— 


bottoms were the dumping grounds for the city. The E Boulevard was ‘much 


5 
‘arg 
buildings can be made to face. Tentative plans for the continua- 
| | fon of this State and Civic Center have been made, and there is no doubt but ee - 
_ that. eventus park W pe _ more han mile in ne ederg 
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will part ithe belt is the present 20th Street. Its widening 
; extension will carry. it to the n nort thern entrance of the city, and ‘south to a a 


ine that reaches to the imits. win eid 
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3.—DENvEr’s MAJOR PLAN——STATUS AS OF DECEMBER, 1927. 4 


one of the major traffic ‘streets of Denver. Tt extende 


— 


north. radial are Sonbidered: some of which will’ neces- 
-sitate the building « of viaducts over the Platte ‘River. main belt boulevard 


will be followed by. other lines s that reach out in large ellipses around the city. 


One of the boulevards follows the railroad. lines, and ties ‘together in the 
2M eastern part of the city on an existing parkwa y. This circular boulevard, in 


“i its down- town | part, becomes a by- “pass road for an east and west line. a 


‘Denver’s recreational includes approximately 864 acres of city 


parks: and 11 acres mounts k land. The ‘City tries” to 


opposed, but its value is now shown is just! ont important. The 
an attractive feature in ‘the the proposed lines'of the ha 
ation of the Boulevard arid _ Feu 
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If these are adopted, the , park and school playgrounds, ‘combined, will 


3 n eliminated from lar yer parks, t to savé from becoming short 
cut r routes. ' The traffic has been collected on arteries bordering | the parks. ae 


policy of u using these border streets a major r arteries of of traffic h 
advantage of creating unbroken traffic. lines, ‘and gives the “motorist som 


_ benefit of the park without allowing him to destroy its quiet atmosphere 4 
Plans for a systematic playground development are under con! | 
ese are am furnish 
one playground for every 2-mile radius. The school | system of Denver is also ra 
being developed by means of ‘carefully studied plans. oA A school i is now provided ie ‘ 


In its zoning plan, Denver has" sidephet the principle of large areas for one- Pe 
amily homes. The city is built for light and air. _ Ground is cheap, and a 
one can afford to build on sufficient area. ‘Height regulations existed in Denve 

( Penne zoning ordinances \ were developed, » with the result that the city has 
‘uniform twelve- story skyline, harmonious with the idea of « a capital city. Th 


district is located along the railroads, running in 


tin of the Denver Plan, there has been opportunity to 


_ determine just how far general planning principles, derived from the study of — 


classic European capitals, can be made to apply to American 
‘conditions. is also’ interesting to "determine, from. the study of specific. 


cases, what the broad fundamental principles of a problem seem to be, and to rH 


Pos extent th they will be useful for r general application. ae ‘From experience ‘a: ; 


- Denver and general studies made i in conjunction therew ith, it appears that the 


| theoretical plan of a capital city can be into four zones: 
of Government buildings; 


The Zone of Govern $.- area not usually found on 

: om zoning plans. The City of Washington, D. C., has this zone, divided =. 


focal points—the Houses. of Congress i in one, the Executive Buildings 

e the other. For a a smaller State capital, it will not be possible to plan on such 
a large scale. The State Governmental group will | usually consist of Capitol 


buildings, additional office buildings, Historical Museums, , State Armory, an 
often a Federal Building. These buildings should be grouped around a large 


attractive square. second open square should contain all the buildin ‘Se 
serving the municipality, including the City Hall, Auditorium, Post 


Office, Library, Chamber of Commerce Building, ete. This “second : square 


Eereert be also well designed and proportioned, but may be slightly less impos-— 


Cer ntral Busines two be directly con- 


“mind people of a Commonwealth want to of their State ‘Home; 


_ Thus, the shopping © 
nd building 


: 
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zone must answer this requirement. Streets should 


should be well ine width, The | building height limita 
rs h as to a oid dwarfing Capitol 


istric 
more than anyw city tshine every 


other: city in the State. Tt must have attractive streets, or 


= along and. river beds. ‘The apartment house zones should be 


should ‘carefully located from the other 
zones, and should be. on the outer sr border of the city. They can be maile e large 


to sustain a fairly large city. The residential areas. essential to. ‘them 
should be placed between the ‘industrial zone and the governmental area. HOTS 


the governmental square and the « civic center located, the railroad 
"station should be the third point of a} triangle. The three features should be 
“connected by direct and wide street Fines and, possibly, by bo boulevard | running 


é in a circle around the > city’s shopping center and connecting these three 


“features. - The station s square ‘must be attractive and set off by hotel buildings. 
From | each of these three center points, major traffic streets should run in 


‘directions. Every point should have at least six different. street, lines 
radiating from it, and « centering on the important building of its group—the 
‘State House, the City ‘Hall, and the R Railroad Station. The radiating “street | 
_ Tines should be t tied together by a circular boulevard surrounding the whole 


This theoretical plan is naturally subject to the topography of the site, Tn 


we case of the governmental group, it may be possible to select a high promontory, 
as was the case in Salt Lake City, where the State House towers over the 4 
Utah | plains as the Acropolis dominated Ancient Greece. Such 


4. 
arrangement lends itself to o great beauty, and ¢ a city should not fail to make 


but there is no reason— —if it were possible—why this square ‘might not be on 


ey a second and lower hill, leaving the ‘shopping center in between oe 


“Dh nol he time for low and relatively small governmental buildings wi in soon 1 be 
passed. ~ Capital ¢ cities must plan antl bigger lines than they have dared to 


use of it. The city | center ‘must bear a close relation to the shopping district, 


: dream of thus far. The country has not reached its maximum growth, or 
- population, by any means. — At the rate of density of the population of present- 
day Germany, this: country may ‘eventually hold a p population of 800 000 000 
ae eople. This” means a sixfold increase, which is not only possible, but rend 
probable. It will mean a ‘proportionate growth in the cities, ‘especially in 
Denver is" 
To be the of a ‘proud Commonwealth, it must be sttenative: ide 


visitors it must enough to live in; must be ‘clean and hospitable: 
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for any statement or op inion 


in its publications, 
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‘This ‘Paper describes ‘the British Indian land- holding and revenue syatem 


“what land is "reclaimed, how. 3 Without attempting a comparison with 

America, attention is drawn to points that : seem to be of value. Data are given 

which show the ‘magnitude of irrigation and reclamation works which seems 


2 bi _ Efforts of the British Government i in n the Punjab ec cover nearly all the recla. 


> 


Countries are e Doing”. In this, facta ‘and ‘even ‘mention of ‘India and ‘Egypt 

= conspicuously absent. This i is not an omission that is ‘unimportant, for Sts 
is believed that the 27 500 000 acres annually irrigated i in India a are more than — ip 

ie. one- “half the irrigation of the whole world. Of that i in in India, more than 40% 

is the ‘Punjab; the 5 000 000 acres of desert Crown ‘Waste p populated by 


canals constitute more than 20% of the. area ‘served by existing hgreraion in the 


Moreover, ~these data’ do not include p privately 
what follows, costs have been translated int 


a The a al policy of t th Punj jab Government has grown up from 


xperience, starting from certain points: of fiscal custom which must 
described for proper understanding. “Immemorial custom handed down from 


previous administrations prescribes that private ‘ ‘ownership” of land i is subject ike fe 
3 paym ment of the Government Land Revenue, or rent, as a first: sk in 


> 


ae 5 e Presented at the meeting of the Irrigation Division, San Diego, Calit., Gateher 4, 1928. 


Wotton- -under-Edge, Gloucester, England. 
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BRITISH INDIA 


f fact, in the last resort land may be sold to recover unpaid revenue he owner 


may cultivate. the land himself, or may let it to tenants. — Such tenancies may 


be : as firm as the ownership itself, subject only to payment of the agreed rent 
to the owner; or they may be ordinarily terminable at will. 
‘Certain large ‘desert 1 tracts that were uncultivable because of of their aridity 


ere “Crown: Waste’ subject to no. rights” of. _ ownership. . Questions of. 


zeclamation”, called “colonization” in the Punjab, where 


Crown Waste is brought “under irrigation. “gh 


The Punjab covering 65 000 acres, inclusive of mountains and areas” 
with sufficient rainfall, (21 753 000° acres are within» the irrigation limits of 


4 
Government -anals already completed. this, 4 726 000 acres were formerly 
Crown Waste 1 160 000 acres was the average annual irrigated ai area 
_ (measured field by field) in 1922 ; and- the tendene y of growth is still upward 
apart from the opening | of ne w canals. Canals now under construction in the 
Sutlej Valley Project provide for cov ering $878 000 acres, of which, 3 821 000 
acres are Crown Waste; other canal projects which have been framed for suc- : 
cessive execution will bring the | area COV ered toa total of 35 327 000 | acres, of 
_ which. 9 674 000 acres in all are, or w ere, Crown Waste. The largest single > block 
pod was on the Lower 300 000 acres out of a 


Phe! tue taken by pre- British ‘Administrations was! “in 
oe kind” A by divi ision on the ‘threshing floor ; the fraction taken varied, but was 
most commonly, one-sixth of the g gross ; produce, at least in theory. Se he British 


_ Administration ‘soon based its’ dem and on the net produce, and ‘substituted | 


cash rents; the fraction applied to this smaller amount was soon fixed i in theory 


at one-half. - The British claim may be described as half the economic rent in 
theory, but actually only from one-third to one- -quarter is charged. | 4 The change 


cash ‘rents based on obviously involv ed a system of assessment 


onli ff 


a Where the conditions affecting drole are relatively stable, the revenue 


its eqllection may be postponed, or even remitted. 
Tess stable, the revenue is reduced to acreage rates to be levied season by 


‘season non the fields. actually eropped ‘and in bad years the revenue may be 


latter. form of assessment, because rainfall is is uncertain. For 


that can be given water, the assessment” then increased by a 
ry “water advantage rate” , this being the revenue on ‘the increase of rental value 

due to irrigation facilities . The total ‘ ” ‘wet” assessment for such land is now 


about $1.70 | per acre in the year when cropped. 


Water i is also charged for at acreage rates per crop season, levied only when 
water is actually used; about $1. 70, varying from $1 to $4 


according to the crop ‘grown. _ These rates are fixed partly on the value of the 


erop and partly on its water requirements. are deliberately fixed very 
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below the mercial value of the water, which approx 


ter rate ors take “chauharmi”, one- of the divisi 


are no water rights enforceable at law, on the supplies delivered 


_ Government canals. It is the policy of the Government to supply 1 water to all — 
whose land i is so situated as to be able to take it, to such extent, as water is ‘ 


available. This policy i is followed impartially. Occasional proposals to ) penal- 
ize villages or individuals by withholding, waters have invariably been disal-— 


bas 


any ci civilized its interests” are” to exploit. “resources | to the 


greatest benefit of the community as whole. “The of these interests 


fae _ tion of canals, a return of nearly 20% on the capita innested, constitutes more 


than 40% of the total revenue of the | Punjab.* oy ty. fy hy 
at When irrigation is extended toa tract, it is divided into zones according 
to the depth from the surface to ground: -water. For each zone a percentage 


| the total area is fixed for which water shall be provided; it is lower for 


proprietary land (which can be cultivated to canals) than 


for ‘Crown Waste to be reclaimed (which has ‘not been possible: to 


populate at all without a canal). These percentages: range from 25 for ‘pro 
: prietary land with ground- water within 20 ft. of the surface, to 75 for Crown ae 


3 Waste with ground- water more than 40 ft. from the surface. The ratio of 


ba e irrigation proposed i: in the summer and winter seasons is also fixed, as well as 
“a the | summer and winter discharges at heads of fa rmers’ ditches, per acre of 


proposed irrigation. Higher rates discharges are given to some poor lands 


3 _ which need more water. ‘These quantities, applied | to ‘the area ‘to b be served lby 


farmer’s ditch, give discharge to. be delivered there; the outlets 
the heads of farmers’ ditches are designed to deliver these discharges. If the 


ummer is s higher t than the winter 1 rate, the outlet is designed fc for that, and in 
winter the time of delivery is reduced according to the supplies 


available. 1 That ‘the designed rates of supply are liberal i is shown by the i irriga % 


oe tion accomplished ; this is 1. 21 times the “proposed irrigation for the ¢ entire 
. system of canals in the Punjab for which supplies are secured by weirs (85% 


_ Before the recent introduction of “semi-modules” for outlets, it was impos- 


4 “itis to determine the average discharge—the criterion in judging complaints 


insufficient supply was then the | area actually irrigated. an outlet were 


_ found tob be irrigating less round than: proposed, and this was not accounted 


ed by waste or by intentional limitation to support the complaint, the size of 


? * The Lower Chenab Canal, which brings in two-fifths of this revenue, pays more than 
wei ; but this is not profit calculated in a commercial way. Water rates alone minus work 
ing expenses are 10% for the whole Province and 22.5% for the Lower Chenab Canal 

The remainder is accounted for partly by enhancement of land revenue for irrigation facili 
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r approval by competent and 
‘not merely by the local assistant engineer). Some engineers ‘would even 
> 


admit as the criterion not merely the proposed irrigation, but the ratio actually , 4 
.chieved in the neighborh hood. — With the introduction of “sem -modules” >the 


a new is 


area does not form limit of development that 


or even to water- the 


land. In some cases actual irrigation has risen so above what ‘was pro- 
as the result of improved distribution by the engineers 
(and, probably to a lesser degree, better irrigation by the farmers), that sup- 


ee zi plies can also be reduced. There i is ; nothing to limit such reductions of present 


x supplies, beyond the need to give fair and equitable treatment to present irriga- aa 
‘WITH THE LowER Cr 


The Lower * Chenab Canal Colony i 


tft 


had 2 250 of Crown and serious The 
other had afforded “some 


“arisen. ‘Since ‘then, other. areas s have been « colonized, some ‘of them considerable, 4 
Of but principally after the Lower Chenab Canal had become an assured success x a 


these will be referred to in noting points of difference. 


_ The Province was predominantly agricultural, , about 90% of the population ne 


to cause land hunger. however, are conservative—whe re the margin 


_ between earnings and needs is narrow and precarious, an Oriental feels less — 
the impulse to rely | on his powers and ty to better himself, t than ‘the fear of +S, 


losing e even what he has. bird the hand is worth two ‘in the bush”. 


even | 


The settlers req required ws vided 
which the Deputy Commissioners i in charge of the Civil 
asked to nominate candidates. These quotas: ‘were presumably determined by 
; om relativ degrees of crowding, and the quality of the peasanty. In ‘some dis- 


tricts more difficulty was experienced in finding settlers pom in others; in 


fact, it selon claimed that some districts made this an opportunity to ee 
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_ “ie criterion is becoming the discharge actually delivered, as it should be; this has — s Pie 
the advantage of simplicity, and of no longer penalizing care and efficiency in 
t is at first possible and necessary to give 
he land; this is gradually reduced as more 
| s possible with a given 
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GOVERNMENT RECLAMATION P ‘BRITISH INDIA 


Int previous schemes. settlers had also not hes sain from t 


: 8 5 in one ease because of local opposition to the scheme ; i in the - other 


Settlers. were sought for land grants of three: orders “of size: ‘Peasants, 
receive from ‘one-half to two unit ‘squares” of 28 acres each; yeomen, 


receive from. three to five squares, which they would cultivate themselves with 


the assistance of hired labor ; and capitalists, who w were 2 to receive e larger — 


& to lease to tenants, and w were intended to becoine 


4, 


= the first blocks, 67 5% of the area was” granted to ‘peasant ‘colonists, 15% 
re) yeomen, and 10% to capitalists. In later blocks, the first class was increased 
the expense of the two latter, as these were found to be less satisfactory >: 
The terms of course included payment of water rates, then about 80% of — 
present rates (but on a new ‘canal water is always given free for the first 
few harvests) ; also land revenue, although | this seems to have been only about 


- $0.50. for the first years. addition to this revenue, corresponding to the 


revenue in lands, there a payment to the Government as the 


4 


| 


Sa 


without: payment; they charged an annual royalty, only 
0. 125 at the start, in lieu of the rent they would: have had to pay to a pro- 
rietor. cy About 20, years afterward, these peasants were given the option of 


acquiring proprietary tights: for $4. 20 ) per acre, payable i in ir 


on their grants. Very soon the same ‘condition ‘also on yeomen 


grantees, and the building of a house was further. explicitly enjoined. All were 


required to join in digging a a village well, in keeping the village less unsani- & 
than is” customary the country, in protecting the common 


(roads, farmers’ ditches, ‘grazirg grounds, etc.) encroachment, and in 
7 planting « a few trees. To protect them from their own improvidence, rights of 
x alienation restricted ; and to control of the type of of settler the 


customary r les of inheritance were limited. ye Re 
oe effect, the settlers v were given the bare ground to start on. Boundaries 
had been demarcated, a village site and roads were located, ‘and canals and 


farmers’ ditches shad been made bring, water to a 


¥ igs In ‘to ‘Devt: Commissioner appointed to civil 


~ of the new y area, and the Canal Staff for technical duties and canal 


August, 192 
ne adjacent sur- 
roundin 
— - 
| because 1t was tound that the attempt injured the proprietors by drawing oft _ oe _- 
— 
q 
4 
| 
| 
fom pd.0U to $6.00 on entrance; and bot ad the option to acquire proprietary, 
rights after 5 years for $6.90 per acre. Peasants were given tenancies for 2 
3 
a 
— 
| 
inted f k in connection with selecting the settlers, allotting them 


_ The writer has | not ascertained | the prices | at w rhich land was | he 
early colonization of this area. In. 1896, when this colony w as just want ng a 


a rapid it increase eof irrigation, an average: price of $17 per acre ‘Was is realized i an 


further small auction in same colony was $89 per acre. Now (1998), 


the average rent commanded by land on the Lower Chenab- Colony is about: 
, $6. 60 per acre, while good land favorably situated commands three times as__ 


= much. if About nd the: Lower Colony, was sold 


prietory rights hed ‘gradually been raised, and v was then $33. BO 
Toa proportion of grants on the Lower Chenab Canal ‘special conditions 
were some grantees: were required to maintain | a small area planted 


znd to give the: Army: the first, right of purchase. 


‘tila of the “J anglis”, the former nomad ; grazing g tribes who were the only © 
inhabitants of the desert, were required to continue to | maintain: camels, and 7 


supply transport for Army use when needed. In the Lower Jh helum Colony 
the bulk of the grants were made on horse- weeding: conditions. An effect of 


In the earlier schemes, a proportion of the grants was earmarked for. ex- E 
soldiers and the races with traditions of military service. The colonization of q 
Lower Bari Doab Canal still thi the main 


was 


“oF special good service rewards of. land» given free of revenue 


j ivind In t the earlier ‘schemes. only small areas were auctioned. As colonization of 


the Lower Bari Doab Canal was still proceeding when the period of difficult 7 
and early post-war, finance entered, land sales” “were: increased to 
: the difficulty. _ In the scheme ‘now under execution, land sales are pro- 
wea appreciable proportion of the capital needed for construction, thus 
asing the amount that has to be raised in loans. 94,968 4 
“The experience and now assured success of the older colonies make a 
modern colonization simple when compared with earlier efforts. Some of the 
obvious: difficulties can easily be imagined. Before the colonist ‘on the 
Lower Chenab Canal had settled down at t all, » severe epidemic of cholera 
swept over them, and the wer Jhelum ‘colonization interrupted b 


plague. If allowance is for picturesque. description, some of Kipling’s- 
stories convey an idea ‘such situations, with a handful of "Englishmen ‘and 4 
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| Tor military grants Considerably increased. Including the scheme Bey 
execution, a total of 387 000 acres has thus been specially set aside or 
7 
a 


the scheme they claimed ow mership 


‘ignored the ‘question of what to do with them, although the nomads of 


the canal protected the tre tract; relatives and labor flocked in, and the err 
began: ‘to make e good profits. afterward railway. into the colony was 
opened and t this improved the ‘marketing of produce. 


An internal question in this work of colonization and canal administration 


has been the of the terms charged. e first colonization was sso 


and to think more ‘the point of v view the settler ‘than ‘that of ‘the 
axpayer. s success was it became ‘possible to take a wider v view 


> 


8 and i terms ha have gradually been raised. ~The question is debated from two point 


cm of view : the settlers party assert t that the high | rate 0 of profit from these work 


means that they are being ; called upon to bear an undue burden: the | opposite 


point of view is ‘that these profits are really -& measure of the extraordinarily — 
favorable ‘conditions for. canal ‘development, and that the charges are only a 


fraction of the true value of what i is given. . The settlers are drawn from - the — 
agricultural population of the whole Province, which i h is | the bulk of ‘the whole | 77 


population; ar and, much of ‘the J Province being under canal irrigation, the 


bulk of the agriculturists are equally interested in low water rates. Opposition 


should come from those who are not in a position to enjoy cheap water and 


colony land—those whose ‘taxation would be ‘lightened ‘if the charges 
4 
aised. Actually, this opposition is hardly v vocal, ‘and th he Government has at the 


same time to voice the opposition and to judge the i issue cua 


re 


ut attempting comparisons with American conditions, 


while. to draw attention to some points that appear ar of gaan = 
India has the obvious advantage, i in its agricultural population, of a ine 
voir | of settlers of the right stamp. / Success has been greatly facilitated by the 


liberal terms ‘these made possible Be 


the technical channels, it has been found 
make the engineers responsible also for r ‘revenue > work, as that in 


au Instead of the canal in the hands of the farmers, who 


minis 


Be August, 1929.] GOVERNMENT RECLAMATION POLICY IN BRITISH INDIA 1563 
Janglis did their best to wreck e 
 &§ 
q tions was cattle theft, and by this and in many other ways they persecuted the Bea 
: | __ settlers. This drove many away, and others frankly declared their intention of Bae 
4 
; 
— 
‘ 
— — 
| 
, 
| 
be 


considering too mu 
ie not the sole voice i 


ates, it possible to judge whether ther 
m management is an advantage toward securing efficienc 


bi ias shown. 


Given an impartial administration, it is an advantage to have water 
a in such a form that. fair development i is not checked. — The system o of water. 
rights described is” advantageous in’ permitting the | exploiting of supplies 
is disadvantageous that i irrigation receipts go straight into” general 


‘revenue, and that funds for i improvements depend on the general budget 


situation, This disadvantage i in the case of ‘Indian 2 State Railways has r recently. 
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This Society is not responsible for. any statement made or opinion expressed — 


te 


HUNDRED FIFTY YEARS ADVANCE 


' 


H. M. _WESTERGAARD,+ M. Ax Soo. C. (by letter). §—The writer has 


Messrs. ‘Fling and Feld.** “Indebtedness is expressed to Professor Timo 


_ The writer does not understand - the remark by Mr. Feld about Cauch, 
- and Lamé. © His reference to an investigation by S. E. Slocum, M. Am. Soe 
; OR. published i in 1911, to determine the influence of the shearing stresses in ie 
a beams upon the deflections, by consideration of the energy, may be ‘supple- 
es ‘mented by the statement that W. Ritter solved the problem i in 1888 by a a ‘simple: 
consideration of the energy, , and that R, Land presented a 


tory simple solution of the whole problem in 1894. 


Professor. Timoshenko referred to the work of Boobnoff in the of 
_ the structure of ships, and Mr. Feld mentioned the s structural problems. in a 
agronautical design. is significant that the applications of structural 
mechanics extend to many fields of engineering. In aeronautical design the 
emphasis on economy of weight has led to new problems, involving, especially, 


the possibility of failure by buckling. diy na 


the 


ee Discussion of the paper by H. M. Westergaard, M. Am. Soc. C. E. ’ CORR 


Recetved by the Secretary, April 1, __ 


| Proceedings, Am. Soc. E., October, 1928, and p. ‘2880, 
Ritter, “Anwendungen der graphischen Statik,” v. 1, 1888, p. 148; R. Land, 
“Binfluss der Schubkriafte auf die Biegung statisch bestimmter und die Berechnung statisch 
undestimmier gerader Trager, fir Bauwesen, v. 4 44, 1894, 
i arabe For example, on the subject. of wing-beams, see, H. Reissner and BE. Schwerin, “Die 
_ Festigkeitsberechnung der Flugzeugholme,” Jahrbuch der Wissenschaftlichen Gesellschaft fiir 
Luftfahrt, v. 4, 1916; H. Miiller-Breslau, Statik der Baukonstruktionen,” v. 2, 
sub-vol. 2, Second Edition, 1925, pp. 647 and 61; and Jovem 8. Newell, Jun. Am. Soc. 
C. E., “The Design of Airplane ing- -Beams,” 4, i 
Papers and a p. 725. 
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Professor Reisner, of Berlin, Germany, in a letter to the writer, ex: 


eh pressed the view that certain chapters in the history of structural : analysis 


‘Referring to the “devices, the introduction of the use of 


light by A. Mesnager, for the "purpose of ‘determining stresses, was 
mentioned in the paper, but it should have been stated that E. G. Coker r 


= 
has done eminent, extensive work with this method$ use of models with 


the devices invented by George E. ‘Beggs, M. Am. “Soe. O. , was: ‘mentioned 
‘Peper. The secording to L. the stu 


“action or that must take place in a non- circular member to. 


torsion. 8. a acobsen devised a simple and effective ° of 


subject of. secondary in well have die- 
eussed in the paper. At this place, it will sufficient, however, to refer to 4 


Soc. C. E., which contains an historical discussion. 


Bt An important principle, which was not mentioned in the p paper, peibis stated 
by Melan in 1888, and applies: to ‘suspension bridges. ** A heavy chain pos- 


sesses. flexural resistance by virtue (of its weight. Applying this structural 


principle to the bridge, one finds that the stiffening trusses are ant by the 


Ag 


‘ 
oe In concluding, the writer wishes to call attention to a recent development ; 
in the theory of beams. In o der to deflect vertically, without twisting, a ‘ 
wh channel used as a beam with the web vertical should be loaded so that the 


I]t is proper to mention in this connection the following paper by H. gram ~ 
“Schwingungsaufgaben aus der Theorie des Fachwerks,” Zeitschrift fiir Bauwesen, v. 
1903, Columns 135-162. On the guneral subject of vibrations, see, W. “Technische 


oF + ‘bibliography on the ‘subject of ‘may be Am. Soc. 
4 ¢.&., Vol. LXXXV (1922), p. 650. The following more recent investigation should be men- | 
; tioned : R. v. Mises, “Ueber die Stabilitatsprobleme der Elastizitaétstheorie,” Zeitschrift fiir — 
 angewandte Mathematik und Mechanik, v. 3, 1923, p. 406 . The same volume contains four 


gt 4 See, for example, E. G. Coker, “Some Engineering Problems of Stress Distribution,” — 
_ Proceedings, First International Congress for Applied Mechanics, Delft, 1924 (pub. 1925), 


A. N&dai, “Der bildsame Zustand der Werkstoffe,” 1927, p. 97. 


Lydik §. Jacobsen, ‘“Torsional-Stress Concentrations in Shafts of Circular 
‘Section and Variable Diameter, ” Transactions, Am. Soc. Mech. Engrs., v. 47. (1925), p: 619. 


Cecil Vivian von Abo, “Secondary Stresses in Bridges,” Transactions, Am. Soc. C. E., 
‘Vol. 39 (1926), p. 1. See, also, Z. Bazant, ‘Influence du systéme de triangulation sur les 

re efforts secondaires,” Académie Masaryk du Travail, Publication Scientifique No. 15a, Prague, | 
1923, and “Les efforts secondaires des poutres en treillis,” Loc. , Publication Scientifique 

** Leon S. Moisseiff, “The Towers, Cables and Stiffening Wrlncalin of the Bridge Over the 

Delaware River between Philadelphia and Camden,” : Journal, Franklin Inst., October, 1925. : 


fessor Reissner, but ‘wishes to ge have been 
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a contain th the centers of gravity oft the cross- s-sections, nor ie centers of the web, 


is found outside the. ‘beam behind the web. strikingly simple expla 


in 
: one finds vertical shearing stresses in the web and horizontal shearing stresse 


n the flanges. — The resultant of the horizontal shearing stresses is a coup 3 
which, combined with the resultant of of the vertical shearing stresses, gives: as 


a the resultant of all the shearing ' stresses a vertical force lying in a plane out- 


ation was found by A. Eggenschwyler* and | R. ‘Maillart. + In the cross-section _ 


‘= side the beam. ¢ The resultants of. the loads, , obviously, n must be contained in 


this plane, if the beam is to deflect without twisting. ee ests} with steel suena ns 


have shown this conclusion to be accurate, but one may also” perform th 
experiment with a made of is strange that 


ss * Schweizerische Bauzeitung, v. 76, 1920, pp. 206 and 266; Eisenbau, 1921, p. 207 


Zentralblatt der Bauverwaltung, v. 41 , 1921, p. 501; Der Bauingenieur, v. 8, 1922, p. 1 


—- + Schweizerische Bauzeitung, v. 77, 1921, p. 195; v. 83, 1924, p. 109; see, also, fe 
A. Ostenfeld, ‘“Teknisk Elasticitetslere,” Fourth Edition, 1924, p. 404; A. and L. Féppl, yeas s 
“Drang und Zwang,” v. 2, Second Edition, 1928, p. 122. 3 


Bach ; see the by and ‘Maillart referred to 
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TRANS: MOUNTAIN WATE R DIVE RSIONS Y 


Discussion* 


of the ideas 
feasible ‘wider some one or ‘more variations the conditions of 


gigantic needed improvement, of Which are ‘worthy of mentio 
COR 


‘The first s step ‘occurred on 1 November 6, 1928, when eleven incorporated cities 
‘in fe Southern California Coastal Plain, signified their intention, by popular 


was the ‘passing 


of the Swing-Johnson Bill on The sig- 


4 nificance of this Bill is that the Federal Government definitely | decided its 
4 policy i in the allocation of water from the Colorado River and made the first 

toward developmen nt by ‘the authorization of the construction of the 
Boulder Dam. The location of the 1 first dam to be built on the river neces 


arily fixes ¢ a definite outline for future development. eliminates 


a a a high at t Black anyon Federal Go 
rato} will completely regulate the flow of the Colorado River ‘and | pre 
t the major portion of the sil silt from ‘Teaching: any smaller re: 


ay be built below it, allows the alternatives not ‘mentioned i in the paper, rl) to 


{hi + oil} 


Discussion on the Symposium on ‘Trans- Mountain Water Diversions, from 
t Gen. ‘Mer. and Cht. Engr., of and Power, Los Calif 

Received by the Secretary, May 15, (1929. 
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RANS 


“Under this condition, a dam approximately 80 ft. = 


The first site is situated just b below ‘the junetion of the Williams River ‘nd is 


about 12 miles above Parker. other site is about 6 miles ‘up:stream f om 


rom 
Parker. An 80-ft. dam at either place wou 


ld create a reservoir of approxi- 
_ Inately” 1 000 000 acre- -ft., which would raise the w water surface to Elevation 440 

and 1 re-desilt the water for: the aqueduct. From a reservoir. created, a a line 

; could be built along the west’ side of the river to ‘connect with the | present 


Blythe route south of the infiltration gallery. An. alternative would come down 


the river front to the north e nd of the Riverside. Mountains where a 


toa junction the Blythe route, at elevation of 1 300 
about 12 miles east of Shaver’s Summit. 


proposed route originates | ina reservoir about 30° 
miles up stream from Yuma, Ariz. 


The reservoir would be created by a adam 


5 of undetermined height to be built in a canyon of the Colorado River, about 3 
- miles 1 below the old mining town of Picacho, Ariz., , where the water surface has 
an elev - It would have a capacity of from 1 000 000 to 2.000 000 
-acre- be depending on ‘te height of the dam. Drillings are now (1929) = 
made to determine to ‘0 what height it is feasible to construct a dam at this point 


an elevation of 170 ft. 


mnough power can be ‘generated at the dam to lift. the water to Elevation 500. 


From the upper end of a pump lift at Elevation 500, the aqueduct pierces 


Ta 


; Gees Picacho ‘Mountains i in a tunnel approximately 14 miles long, with shallow 
; ~ shafts, to the east slope of the Salton Sea Basin. T hence, it continues north- 


Westerly: in conduit along the slope of 


 ghort Thence, the line in to a 6 miles. 
a 
Le east of Indio, | Calif., where the water is lifted approximately 1 025 ft. to Eleva- 


Ae tion 1 250, continuing in conduit : section to 1 mile west of Whitewater, Calif., " 


ae where there is another. pump lift of 275 ft. to an elevation of about 1 500, at 


point it joins the Blythe thereof. Krom paint 


war 


Picacho route, if constructed, would be 242 miles long from the 
would require a 5 total lift of 580 ft. This route throughout its 
length would be through accessible country, 


ecessible in the proximity of the Southern 
Pacific Railroad except at the point ofdiversion. 


‘The statement by Mr. J akobsen* as to the ultimate life of the reservoir a 
Bridge Canyon is correct if one assumes 100 000 acre-ft. of silt per annum, and 
hat the volume is effective as a desilting medium ; but if the figure 


137 000 acre-ft. of silt per annum, as given by Fortier and Blaney i in their more 


. recent studies, is used, and « only a part of the volume of the reservoir is con 4 
_ sidered f for silt s storage, then the effective life of a reservoir at Bridge Cany 4 a 


on 

would be greatly reduced. 
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the money value would be $187 | 000 000. This would be nearly cut in half if he 


an interest rate e of about 7 to in order to offset depreciation, 


‘the. annual pumping costs are less half those under full 


= 


Mr. Bennett} suggests a more southerly diversion the Colorado River 


ie and the joint use of the Imperial | Canals. : Such a route would have the lowest — 


s initial cost of any of those described for the proposed aqueduct ; but with the © 


- great amount of pumping and the necessity of desilting the water by settling — 


basins or r other 3 means, it would be the most expensive to operate and maintain 


_ * Proceedings, Am. Soc. C. E., November, 1928, Papers and Discussions, p. 258 
t Loc. cit., padacesienere: 1928, Papers and Discussions, p. 2196. ee 
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which would have to be met on ‘any of the pumping routes, at 43% per year, a 
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was “publi ishec d, Fred A. Noetzli, M. Am. Soc. has ‘suggested that the 
method ‘of taking successive differences of deflections te: obtain moments, 
hears, and loads in cantilever sections as used by W. A. \. Slater, M. 


E. in ‘ Table might | be adapted for designing an arch. The principal 
advantage ‘sought i is that of starting from # an assumed deflection curve poe 


‘than from an assumed load distribution. 
_ The writer” has attempted to use this ‘method in studying ‘the ‘stre se 


in ‘he Dam -(constant- angle arch type). A crown deflection curve 


was assumed and the load corresponding to. the ‘deflection at each | eleva- 


- tion was coniputed: (Ql) For the arch, | by an accepted formula ; and (2) for the 
cantilever, by the method of successive differences of deflections. It required 
patience and judgment to choose a a deflection « curve e that would yield a load | a, 

t ibution within the bounds: of reason, because four differentiations 

“successive differences) were ‘required, each introducing greater irregularities 


After exhausting the possibilities of taking differences, the process» was 
‘reversed, making» it a method of cumulative sums rather than successive 


; "differences, and working from load to deflection, rather than from deflection 


. to load. As before, the first step was to assume a deflection curve, but arch 


“Toads: were computed { from this curve and subtracted from: ‘the water load to 


4 ‘obtain cantilever loads for the » “cumulative sur sum” an 


Discussion on the Report of the Committee of Engineering 


Investigation, continued from May, 1929, Proceedings. 
-¢ Testing Engr., Los Angeles County Flood Control Dist., , Alhambra, Calif. pote 
Received by the Secretary, April 22,1929. 
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ON ARCH DAM INVESTIGATION a 


a- 
n of loads, computed some good method from ‘the arch deflections; 


1d, or the load left for the 


ANALYSIS" oF STEVENSON: CREEK Meruon OF Cumt 


Mery | 


Canti-— 
e 


q 
J 
Arch 
load, in 
pounds 


25 
pounds. — 
momen 


105 


in foot- 


in pounds. 


Cantilever 
moment 


a 


(6) 

0.00 81 00 81 


0. 0.02061 


fy 0. 02826 
0.02888 


tnt to 
; 4 


Column (5). veontains a summation | of’ the values in Column (4). The 
(This 


Pe values’ given 1 represent one- -fifth of the shear at each foot of elevation. 
is due to the fact that the shear is computed by the summation of loads at 5-ft. $ 


intervals instead of 1-ft. intervals. In a a high dam, 20-ft. intervals are suffi- 


ciently accurate, and in such a case the values found by summation would be s 


equal to one- twentieth of the actual shear at each 20- ft. ‘interval. In beginning ‘ 


the Summation, it should be remembered that the shear at the crest must be | 


e center of the first 5-ft. interval it is tw o and « one-half fides 4 | 


‘the: average load for the first ft. ca * 
Column (6) a tabulation, of bending moments and is a summation 


mn (5) from the crest down.- The o one- fifth factor enters 


a 


m 


— 


m 


we 
a ge of the method was retained thereby. Table 52, which hes been ar- Ee 
= tl ase is given in Column (1); 
TABLE 
— square | | Xslope.| in feet.) 
($40 | 0.00181 | — 62 | 
| | 1180 | | | 180 | 0.00181 L908 
— = 
— 
— 
— 
— a 
again. Column (7) giv 


pure bending units. The f factor, 625 to the fourt i 
i so that no more multiplications are necessary in order to - obtain deflections. 
Pans In “Column (8) i s listed the bending units which are the products of 
- ales in Columns: (6) and (D, the decimal point being translated five places 


oop ‘the ight so that whole numbers can be used. Column (9) tabulates’ the 


slopes which are obtained by successively adding values from Column (8), : 
beginning where: the is to be zero for a 


are 0 


end ed adding slopes given in Coluain "The decimal 


is restored to its” proper place so that these values may be compared with | 
the arch deflections i in Column if do not check 
puted ‘until agreement is obtained. the deflections shown in Table 52 
“do not check very well at the 60- ‘ft. elevation, a change of 10 Ib. per sq. ft. aa 4 
80 hey are sufficiently 
‘Stresses in the cantilever can be determined from the ‘moments in Column 
by the well -known relation between bending 1 moment thickness 
stress. A slight ¢ correction for taper is near the base. The stresses 


was as a straight ‘beam far as loads ‘were ‘conesenell, 
and the shears, bending moments, ‘slopes, and deflections due to a unit uniform as 
obtained by successively integrating the load and evaluating 


s. Thus, the slope at the abutments could be arbitrarily chosen, and er i 


ao - | 


oncrete was cracked away from the abutments before loading). a. 
‘Having obtained the deflection curve for each arch ring by integrating anne 
unit 1 uniform bending load, ril rib-shortening of the arch, thus deflected , 


computed from: the average deflection in order to. obtain the direct thrust: 


and the load « carried by ; that arch. The latter load was added ‘to the unit 


_ bending load and the sum was s designated to be the total load which caused _ ey 


the deflection curve previously ‘mentioned. In computing the Tib-shortening, 
a correction could be made for the yielding of abutments and losing: of ae 


acks, thus duplicating other conditions which prevailed at the Test Dam, — es) 
« far, the effect of shear on the deflection has been omitted. Since the eg 
- solution of shears is included in the solution of cantilever deflections, it is 


a8 simple matter to calculate the deflection due to shear and ¢ add it to ee 


‘7 
deflection. For t the thin Stevenson Creek Dam, an analysis 
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ch arch ring its share of the water load 

| 

—- — 
a 
— 
= 
nis 
fi- 
— 
be 

ers, h in effect of shear was q 

ion. The main elfect of shear was t 


This method of dividing load between arches and cantilevers is adequate 


is uniform crown ‘This rarely exiets i in 
service dam, although many cases the load variation is slight. As an 
example, the ‘Sawpit Arch Dam, located in Los Angeles County, California, 
equal to” arch deflections at all parts q 
the dom, with. uniform on each arch 1 ring. lod “Bret: 
a If a cantilever some distance from the crown is investigated, using the 
_ same loads as. are found to give equilibrium at the crown, in general, it will 
be observed ‘that ‘the deflections do not agree with the arch deflections. The 
problem to determine the variable horizontal loads which give "deflection 
one-eantilever herein described has been extended to ‘permit 


except that load is direct thrust, as well as by bending. 


ey ial case of a symmetrical arch, such a as the Test Dam, it is aie to. 
ae . express the load on an arch ring as a combination of | a uniform load and a 
Joad varying according to some simple mathematical « equation. The latter 


a ‘be chosen so that it produces bending without direct. thrust. This i is oy 


complished mathematically by equating the integral of deflection cur 


# mee | In his studies of the Stevenson Creek Dam, the writer found that a variable 


load on the arch rings at the 50-ft. and 60-ft. heights and for uniform load 
_ below the 50-ft. level gave a satisfactory solution. A slight load varying as 


= 


the three-halves power of the distance from the crown was added to a uniform | 
& load after it was found that the addition of a second degree variation gave 
too sharp a change toward ‘the: abutment. equation was integrated 


2 five. times; ‘the ven: giving shear; the second moment; the third, slope — 
1 the fifth, rib-s shortening. 


shortening in of ‘slope at the abutment 

the crown, deflection at the abutment, and shear the crown were impos ed 

Summary of Studies.— —Four analyses were made. The prineipal ones in 


base, using at the abutments and at the base as measured 
for: Satie phen at Stevenson Creek. The closing of cracks and yielding of abut- — 
hte a ts i ments as measured at Stevenson Creek were accepted as criteria. 

No reduction in area was assumed for the bases of cantilevers. 
ae wig —Arches were fixed at the abutments and cantilevers were fixed 7” 


the base. There was no yielding of abutments nor closing of 
od eracks. Conditions w ere purposely to fit the celluloid: 


first yes “deflections very much Tike. those: at 


‘ey 


+ 
— 4 
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4 
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ay 
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‘a 


0-Foor 


z 


Strains in Millionths 


—LINES VERTICAL STRAIN AT DOWN-STREAM FACE, FOR 60- Foor HEAD. 


4 > 


econd” g We curves: comparing better w vith those 
“computed from the celluloid | model than with the Stevenson Creek Dam, 


but with two noticeable differences. The deflections at all poi nts less 


than those shown it the model and at the crest this condition was exaggerated. 


rs. CARLSON ON ARCH DAM INVESTIGATION oe q 
computed deflections were considerably smaller. § — 
ter agreeme t except around Strains were in good 
except around the two vertical cracks at the ‘crows 
3 
ri 
| 
in 


shor: 


fi __perSquare Foot 


3 
| FEET FROM 
1000 ©2000 3.000 


“4 
Fig. 170, _ which shows I horizontal strains, 


cal strains computed from the second analysis, may likewise be compared with 


“Figs. 94 and 95,t and 153 and 154.8 It ‘is evident t that the strains are i 


n 


16. 178. —Loaps on ARCHES As FouND IN SECOND ANALYSIS. 
‘Fig. 172 shows the load dharibetion from the second analysis, three 
ertical s sections. 4 “It is seen that the variation in load near ‘the crest. is not 
large ‘magnitude, but ‘that it has a great effect on the deflection of the 
slender a arch 173 shows the loads ¢ on the arches.~ 


CARLSON ON ARCH DAM INVESTIGATION 
‘169 he deflections from this analysis, should be compared 
— & 
FIG, 172.—LOAD DISTRIBUTION DETERMINED FROM SECOND ANALYSIS. | 
Be. 
q 
— 
— 
— 
a 
— 
— 
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not: been dupli Lica pagnituile by a 

one of the» four analyses, although good agreement has been 

some analyses at. all lower elevations. The crest deflection curve from the — 
celluloid model requires that the arch carry about 330 Ib. per. sq. ft. by. direct | 
thrust. 7 The highest ¢ cantilever reaction n which it was possible to use and get 

deflection agreement was 190° lb. per sq. ft, at the crown: and ‘much less. at. 

s on the crest; the load carried by direct thrust in the arch was 
more than 120 Ib. per sq. ft. uted 


Lis * Ivan E. Hovx if Soo. ©. E. (by letter). 


The. crest. curves 


Che Committee has furnished a great mass of valuable technical information 


regarding arch dams and related ‘problems. The comprehensive experimental Ree 
_ investigations at the Stevenson Creek Test Dam, together with the elaborate 
| tmathematica analysis of the data, will prove of great value to all caabenis. 

engaged on arch dam design. Moreover, the painstaking laboratory studies 
of the physical properties” of concrete will prove of great value to all engi 
neers engaged ‘on the design and ‘construction of concrete works, ¢ even though 
th principles. to hesbiater 


~ Questions: that naturally arise in seudying the experimental data obtained 


i 


‘design agrees best 


expected i in the finished structure? Unfortunately, ‘it was not possible for the 


Committee to include definite recommendations regarding methods and prin- 

— ae of arch dam design in its preliminary report because of th 


e unfin 
nature of the investigations. | However, ¢ a brief treatment of such 


was presented, § and certain ‘conclusions stated thereon are worthy of emphasis, 


especially those relating ‘to the time-worn cylinder formula and the theory of 


arch. loads. Regarding the former, Professor Slater ‘states: “Tt i 


quite obvious that ‘the: cylinder formula is entirely inadequate to 


conditions found in an elastic arch of this kind.” © | Regarding ‘the latter, 
“Therefore, for be portion of the Som, at and shove the 40- ft. 


In order to check: the in 
ms, the U. S. Bureau of Reclamation has made a study of the Stevenson — 
Oreek Test Dam data by the trial-load method of analysis—the method which 


has been developed in the Denver Office of the Bureau’ during the past five 
years. Generally speaking, this ‘method, as now used, assumes that no load 


oe cht. Designing Engr., U. 8S. Bureau of Reclamation, Denver, Colo, 
Engineer, U. S. Bureau of Reclamation, Denver, Colo. 
Received by the Secretary, May 11, 1929, t ot 
- § Proceedings, Am. Soc. C. E., May, 1928, Pt. 8, pp. 187-190. 
“Analysis of Arch Dams ‘by, the Trial Load Method, yc. H. Howell, M. Am; 
+C. E., and the late A. C. Jaquith, Esq., Proceedings, Am. as %, E., January, 1928, Papers 34 


 and- Discussions, p. 61; also discussion by J. L. Savage and Ivan BH. Houk, Members, a-€ 
C. E., Loc cit October, 1928, Papers and D. (2317, 
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not heretofore 


in study. of arch dams. Fe or instance, in the latest use of the 


trial-load method the analysis has taken into account “uplift” at the base of 
the dam and the concrete at all horizontal sections ; the reduced 


planes instead of planes; “the effect of temperature changes in “ob 
concrete, due | to both setting heat ar and atmospheric temperature variations ; 


the effect of tangential shear between arches; the effect: of twist; 
effect of foundation and abutment deformation in both cantilever arch 


effects of twist and tangential shear. had not been developed at. the time 
trial-load analysis of the Test was made, However, 
: it is not likely that consideration of these effects would materially alter the aq 
final results i in the. case of a dam of the size and shape of the Stevenson ‘Oreck, gq 


Test Dam. The analysis of the Test Dam data showed that, in all cases, the 4 


to temperature effects. Methods consi nsidering 74 q 


a. sum of the loads carried by horizontal bending, direct arch thrust, and vertical — 
bending was very nearly equal to the total water pressure. Consequently, the yw 


transmission of load” by tangential shear and could not have been 


t the down-s stream face. A verack was 


sections, to. straight full | reservoir pressures at the 4 


inereased deflections thus would reault in a agreem 

he calculated and observed deflections. nyt eh 
‘In the trial-load_ analysis, ‘made by A. W. Simonds, M. Am. 

ive E., and Associate Engineer i in the Denver Office of the Bureau of Reclama- 


tion, arch action was assumed to begin as ‘soon as the reservoir started to q 


“fill, that the calculated arch, are measured from p-stream — 


q 


* 


3 
| 
= 
— 
3 
7 > 
— 
am, aS was found to occur 1n the tests, an ension was assume Oo act 1n = 
other parts of the dam wherever indicated by the calculations. No vertical 
an nae cracking was assumed to take place in the upper and lower parts of the crown _ i 
— ar 
2 ae are not assumed to be cracked at the ends. However; it is only at the lower "4 -.! 
WY elevations that horizontal tension occurs on the up-stream face at the abut- 
a ae ments, and for these arches the increased deflection obtained through the © fey 
— 
| 


y was eh to be: (a), For the concrete, 3 600 000 Ib. p per sq. in.; 
and. (b) the: granite foundation and_ abutments, 2.000.000. Ib. per sq. in., 
determined by the tests of concrete and granite samples described* 
report of the Committee, The unit w weight. of. the concrete ‘was be 
150 Ib. per cu. ft. The trial: ‘load|studies were confined to the action of the dam 
under the full load te tests, no eglculations being made ‘for loads e? 
; the reservoir was partly full. ee 
Fi ig. 174 shows the load | distribution, the up- “stream can 


with reservoir empty, § and the deflections of both arch and cantilever elements 


under full load, all as determined by the trial-load calculations. Although 


load distribution | curves would indicate a comparatively uniform distribution 
f between arch and cantilever elements, the small variations on the ‘upper | arches, 


near the abutments, were important as regards s stress distribution as well as < 
a agreement of arch and cantilever ‘deflections. Below Elevation 4 40 the loads on 


the arches were uniform from crown to ‘abutment. A comparison of the _ 


4 


Arch Deflection V 
Reservoir|Full 


CantileveyDeflection 
Reservoiy/Full_ 


f Ms CANTILEVER AT CROWN © CANTILEVER 10 FEET oc CANTILEVER 30 FEET CANTILEVER 50 FEET KS a 
‘Yd CROWN FROM CROWN “how FROM 

174.—Loap DISTRIBUTION AND RADIAL DEFLECTIONS. ‘ 

distribution curv yes ‘those determined measurements at the dam 


: 4 (shown at ‘the right of the diagrams in Fig. 126+) | illustrates that the trial-load 
analysis puts more the arches and less on the im the | lower 
half af the dam ; more @ negative load on the cantilevers bench more e positive load 


tribution i in ‘the other p arts of the structure. _ The comparatively ‘smell differ- 


“ences between the locations. of the circles and crosses on the deflection curves 
in Fig. (174 indicate the agreement of the cantilever and arch deflections 


_ Fig. 175 is an isometric diagram of deflections for the 60- ft. head of. water, 


- showing the comparison | between the deflections determined by the trial-load at 
er heating and those measured at the dam during Tests 11, 12, and 13, the curves 


reife 


for the latter being’ copies | from Fig. 86. 6.¢ In the e computations, t the following 


assumptions | were made: (a) Conerete takes’ tension; (b) a a crack o occurs at. 
the base of the cantilevers; (c)_ there is a yielding of foundation and abut- 


C. E., May, 1928, 3, pp. 155-156. 
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ments; : (d) of for’ 600 aad wy the of 7 
r ‘the granite abutments equals 2 000 000 Ib. per sq. in. It will be solmed “a 
that the calculated deflections are less than’ the measured deflections at -_ 


tically” all locations, ‘differences being ‘greatest nes near the crown of ‘the top 


Distances from Center Line of ap in Feet. 
ss. 


"crack which ‘occurred near 


top of the crown iiasstthitlin was not considered 
in the trial-load calculations, An earlier” -trial-load- analysis, m 1ade on n the 


“(but otherwise the same as the one used in ‘platting Figs. 174 to 181), | gave 


deflections considerably greater than measured values in practically ‘all 
_ parts of the : structure. — T his would be expected since the measurements at the — 


"assumption that no load would be carried by y tension in any part of the dam 


‘a dam ‘showed conclusively ‘that comparatively large loads - were carried by ten- 
“gion forces in many parts of the structure, even ‘though | cracks: did form at 
fix: ‘ 
‘pepe ontionn as a result of unusually high tension stresses. 


igs Distance from Center Line of Dam In Feet + | 


zh 


— Upstream 


Ba ‘to point of Zero Stress { 


o 


Fig. 176 shows the ‘stresses at the -stream and down- -stream sides” 


reco as s determined by the tri is, arch str sses being sh wn 
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at slightly higher than 20, which 
a very satisfactory agreement with the trial-load calculations. — . The maximum 


compression laa that at 10 | ib. sq. in. 
data obtained at the dam. indicated a maxitintite stress, ‘of 


ly 1100 Ib. “per sq. in. in “compression. on the down stream face 


— Denotes Tension — 
+ Denotes 
Denote 


60- Foor HEAD OF WATER. 


4. 


cantilever: stress, indicated by the trial- load analysis. was 660. |b. ‘per, sq, in. 


in seal . and it ¢ occurs on the down-stream face at the base of the crown 
cantileve he “maximum. cantilever stress, indicated by the 


tilever, where the experiment ta indica rt tensile stress somewhere 


between 180 and 270 per sq. 


"Strain in Millionths 
Denotes Tension 

+ Denotes Compression 


Elevation above Base of Dam ; 


the down- stream side of the dam; as determined by the trial- load analysis, wer 


Th ex} 
’ prepared for comparison with Figs. 94 and 95." * A study. of Figs. 177 and 9 


f the diagram and cantilever stres Of the “arch “at 
id h stresses occur at the abu 
—— 
7 
tm- 
lations indicate a maximum cantilever 
‘he trial-load calcula 
5. — 
on 
Am. Soc. C. B., May, 1928, Pt. 8, 
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the Fi ig. 177; being based. about 


the crown -section,, while Fi ig: , 94, being based. on data, is 


ments. are ite 
94 than i in Fig. company tins 


Fre. OF Equat HorizontTaL ‘STRAINS ON Pace FoR 


near the abutments of the “upper arches i in Fig. are entin 
was in the trial-load Lines GE 
strain equal to | 00007 5 ‘cross ‘the crown section horizontally, at elevations ‘Of 
: 1 in Fig. 177, although the ey 
would Elevations 30 and 40 if a horizontal sec- 


midway between these elevations been in the calculations. 


- 


1254 


"Elevation above Base of Dam 


Strain in Millionths © 
Denotes Tension 


Denotes Compression 


180. —Linzs ES OF VERTICAL oN STREAM, on 


Figs. ‘178 and 95 do not great a similarity as, ‘ag: ‘a and 94. 


strain cross the crown 


‘shows a. ‘aatistactory Moreover, the areas and intensities 


Am. Soc E., May, 19 
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SAVAGE AND HOUK DAM INVESTIGATION 


f the positive strains | near the base of the dam are practically the same in the 


two ) diagrams. _ The areas: of negative strain of from 0. 000075 to 0. 000100. near 
the quarte ts in Fig. 95 d ot. appear in Fig.178. 

th e quar er- poin s in Fig. o not appear in ig. eR 


No 
diagrams were included i in “the consequently; no com- 


parisons with experimental d data herein. Fig. 179 ‘indi 
ahs cates the existence of areas of tensile, or negative, arcli strains on the e a 
stream: face, near the abutments, in the lower half of the | dam. The maximum y 


‘negative Strain, which occurs at about Elevation 20, is slightly “more than | 
2. 0. om or approximately 7. 10 Ib. per per. sq sq. in., as discussed i in connection with 


g. 17 6. i Fig. 179 further indicates the « existence « of. positive, or ‘compressive, 
sreh‘straine at practically all | other | locations on the up-stream pear of the dam ; 


the area of ‘maximum strains is located at the crown | section 


Fig. 


“oll 


= Fig. 181 shows the loads, deflections, stresses at intrados, stresses at ex- 


‘moments, thrusts, and ian for the arch clements | at Elevations 60, 50, 


curves show bending direct stress at the faces of ‘the: 


z Since the arches have uniform thicknesses from crown to haunch, direct stress 


curves, pound per square inch, would be the same as the curves if 
te the scales are di divided by 144. times the thicknésses of the arches, in feet. The 


xs is shear curves are plotted on the same scales as the thrust © Bs so as to illus- 
trate graphically the relative magnitudes of shear thrust. While the 


variations in the curves have ‘been reduced to a minimum through the neces- — 


* sity” r of using comparatively large scales, it is believed that the diagrams illus- 


trate the most important results: of the arch analyses. lw im wey 


Although: a detailed study of variations in the different arch and « cantilever 
fons 


unctions, and a careful comparison of calculated results with those . obtained | 


in is believed that th most valuable results by the ti e trial 

load calculations may be embodied in the following conclusions: 

—The trial-load analysis furnishes a comparatively accurate method of 


the of total: w water load carried by the arch and can 


2.—It furnishes a comparatively accurate calculating both arcl 


—The | maximum arch and cantilever stresses by the trial-load 


method of analysis are ‘slightly higher than those actually” oceurring i n the 
: dam, so that the use of the trial- load method 5 is on . the side of safety without 


&§ 
— 
aif 
ia 
— 
than é0.000225, or slightly more than 800 lb. per sq. in., compression. 
indicates the existence of an area of low tensile strains on the up-stree 
; ee of the dam, near the base of the control sections and the existence of compres- — 
strains at other locations on the up-stream face; the maximum compressive 
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ISTHMIAN CANAL SITUATION 


By Hans Kramer, Assoc, M. Am. Soo. C. 


letter).§—An interesting 
n by tan the relation between 
of in recent, years for the New York State Barg Canal: anc 


the Panama Canal. Similar cor comparisons might be drawn : for ‘the Sault Ste 


BBY 


Marie, Kiel, chester, an id o ther large canals. The Panama ‘and 
- Suez Canals, however, are in a class apart in shortening trade routes by the 


& — aaettietent of a continent. . Hence, in the economic study ‘of probable traffic 


rrowth, comparison has been lim anals, which alone ‘represent 


Mr. Teaza’s suggestion, that sanitary conditions in ‘the Canal Zone are 
more’ favorable than those in Nicaragua, should be include in Table 8. 


tt His ‘point t regarding t the need for a fixed highway bridge, although it is an 


‘important National problem for’ Panama, is not “considered to ‘be 
related to the adequacy of facilities for han idling. water- borne traffic. 


An i interesting review and a translation of a part of the writer's po 
has been’ published++ under the title, “Le Trafic Actuel et Futur du Canal 
Panama’. ‘The review is. prefaced by the editorial comment tha’ {the 


writer’s conclusion is entirely optimistic. This criticism applies to the writer’ 8 


prediction ‘of the probable adequacy of the Panama Canal until | 1970. Ib 
the ensuing French’ discussion, how on no definite SFrors of fact or assump: 


* Discussion on the paper by Hane Kramer,’ Assoc: Am. B., from 


== 
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KRAMER THE ISTHMIAN CANAL SITUATION 


a Canal project, Taintain a natural interest in the « 


A more 4 criticism that source, therefore, 

the preparation. of, the paper other reliable opinions. have been 
corded which tend to "bear | out ‘the writer’ 3 that the: rate of increase 

more in the future. testifying before a Sub-_ 


e Committee on. _ Appropriations on. December 11, 


n Corp of Engineers, M. Am. Soe. 


Governor, of the Canal: stated “As nearly as we ean tell, the 
increase will Rot. ‘more t than ten million tons per decade”, This forecast. 
is in line with the annual increment” on which Curve 


unilar non- n-alarming ‘conclusions are renched by the Standing Committee 


on “Maximum Capacity of Panama and Steps Being Taken by Those in 
Authority for Enlargement of the. Canal. for ‘Shi ipping in the Future” This 4 
_ Committee reportedt to the Association of Pacific and Far East Ports cat its 4 


F ifteenth Annual Convention at Los Angeles, Calif., June 28, 1928: That. 


the, canal: w vas then, being used _to,only one-t -third its capacity (2) that 
normal, i increase was less than, 2% ber year; (3) that, ‘therefore, the. canal 


would not be taxed to. full ‘capacity until about. 1958 or later; (4) ‘that the 
public, should trust the Canal Administration t to anticipate the. onad of enlarge- 


we, or of building another canal ; and (5) that the need for such expansion 


The reasonableness of these viewpoints is supported by the actual Panama 


anal record of transits for the calendar year, 1928. During this last year 


a tonnage transmitted was 28 943 437, an, inerease_ of 332 453 tons, or 


than 1927 and an average: increase of. 1 553 598 ton per year, 


or per year for the two-year period since 1926. The ordinate, for the 
1928 abscissa on Curve F, Fig. 2, predicts. a probable traffic of 28 300 000. ‘tons, 


_ which j is within 2. 1% of the a ctual record for the latest on ee 7 


After “gonsiderable debate in. both Houses , the ‘Seventieth Congress 


: Senate J oint Resolution, 7 which was approved March 2, , 1929, “one ‘eho 


a 
n 


fos authorizing an investigation and survey for the purpose 
: ascertaining the practicability and the approximate cost of constructing and 
is Beene ‘additional locks and other facilities at the Panama Canal, and 
for ‘the purpose of ascertaining the practicability and probable cost of con- 
ad an "interoceanie canal ‘across: the Republic 
q 
Chief of E ‘Engineers; ‘under. ‘the direction “of of War, 
is ‘now formulating a policy for the execution of this “mission. 
- eoming study should satisfy legislators, agitators, and the general public that 


there are no serious economic ic or engineering ¢i causes for alarm in the present 


World Ports, ‘4928, ‘983 
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_PAPERS AND DISCUSSIONS: 


‘SUBSTRUCTURES. 


By A FL LORIS Norman W. ai 9" 


at Eso. letter) paper | deals briefly vith 


Sere 


Furthermore, it contains considerable material which belongs rather 


earth during a an earthquake disturbance, although of extreme value, to seismolo- 
wists and. geo- -physicists, is. certainly of secondary importance. to structural 
4 engineers. Ina homogeneous; isotropic body, if only central f forces are acting 


- between its molecules, theory indicates. that the ratio of the velocities of the 


ongitudinal to the transverse ‘waves. is equal to NB. or, other. words, be. 


_ the longitudinal waves are 1.73 times as fast as the transverse waves. Since » the iy 

longitudinal waves have a considerable speed of propagation (from: 2 to. 6 km. 
?p er sec.) it follows that these waves will be fully separated from the tra ansverse- 

aves only in the case of a earthquake; that is, when th the origin 


the ‘seismic disturbance considerable distance from the  seismograph 


* Discussion of the paper ‘by ‘Henry D. Dewell, M. Am. Soc. 


Received by the Secretary, April 26, 1929. ane 


“Building Against Harthquakes, ” Buildings, ‘February, 1922; “Earthquake | Damage to. 
‘dadin’ Darbare Buildings,” Engineering News-Record, July 9, 1925; “Building for Safety 
Against Earthquakes as Evidenced by the Santa Barbara “Parthquake, " Bulletin, Allied Archi- 
tects’ Assoc. of Los Angeles, August 1, 1925; Report of the Committee on Building for Safety 
Sabie Earthquakes, Bulletin, Seismological ‘Soe: of America, September, 1925; ‘‘Harth- 

: ‘-: quake Damage to Buildings,” by Henry D. Dewell and Bailey, Willis, Loc. cit., December ; 
1925; “Barthquake Expectancy in California,” Engineering News-Record, January 21, 1926, es 


and “Barthquake- -Resistant Construction,” Loc. cit., April 26 and May 3, 1928. 


{| of Richard Ambronn, tr. from the German by M 
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great value to the study of the ‘earth’s interior, but they are comparatively . 


In ‘earthquakes originating n near: -by, the motion, to the 


with very nearly, not quite, its full amplitude. I ‘these ea earthquakes 


kinds of waves appear almost instantaneously, since origin of 


oe quake, that i is, the seismic fo ocus, i s usu sually not far. fr rom 60 to 30 km km * (meas-— 7 


red in a vertidal direction) : from ‘the Ie locality of ‘greatest ‘intensity. Henee, an 


arthquake that. is disastrous to structures often produces | the ‘same effect as 
impact, and its energy dies out quickly after a few oscillations. — y Structures in 


earthqu ake areas must be able to withstand such strong shocks. These impol- 


forces can | be e resolved into a. a horizontal Land a vertical. ¢ component. 

e » horizontal component, of. im mportance in structures that may 
assumed to act sta ically for the reasons stated previously. eh can be easily 


TS determined | by the aid of Newton’s second law, of 1 motion, provided the acceler 


ay. 
2 


There is ‘ani one important phenomenon that the ‘hes q 
High, slender structures can fail during seismic oscillations of long 


duration, but of less intensity, leaving other structures undamaged. 


ynamic ‘cause of failure is ; produced by resonance that occurs when the A panel 
or free period of vibration of the structure coincides with the ‘period of in 
a disturbing extraneous force or, what is the same thing, when the transient 4 
ea requency of vibration disappears and the structure reaches the steady fre- 
uency of the impressed force. It is lear, efore, that if are 
to be safe against earthquakes htey must be able to resist horizontal impulsive q 


_ forces as well as strains caused by vibrations. ~ ~ For this reason an investiga- — | 


2 tion of the seismic stability of structures must include both cases, if necessary. 4 
In discussing the merits of various structures, the author deals extensively 
wit 1 the safety of dams and with their probable resistance to such forces. 
‘His statements are to some extent surprisingly bold. _ Obviously, they contra- 4 

some widely accepted 1 views that are based on. the logical conclusions of. 


example, the preference given by the author earth- fill dams. as 


regards their resistance to earthquakes is rather ‘unjustifiable. ‘The fact that 


those which were located on or adjacent to ‘the | San Andreas fault line behaved | 

"remarkably well ‘during the San Francisco earthquake of 1906, is not 
sive e proof of their reliability under similar circumstances elsewhere. _ AY 

jel is well- -known that earthquake waves: ‘in an alluvial soil are of of great 


“amplitude very low speed ; as is to be. expected, are also 
extremely effective in damaging structures, Earth-fill dams behave very 


44 the same as these soils, and their fate, therefore, is very problematical at the 

‘time of a crucial test. a, The earth particles of these dams are held togeth er by 
; _ cohesion and friction alone, thus offering a slight resistance to. extraneous 
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of withstanding | the destructive effects of seismic oscillations. "Concrete dams of + 
- the gravity, arch, multiple- arch, and Ambursen types belong i in this category, 


and, consequently, from the point of view of seismic resistance, they are 
es superior to earth- fill and rock-fi -fill dams. x However, before: statements are | made 


109. Hint J 

s relative to the merits of these rigid types to withstand earthquake shocks, it 

is essential that the peculiarities inherent i in each type be investigated. iS, Their 


static as well as. their dynamic behavior during such. must be 
taken into accoun at at any. rate. i is not done by the author, an 


of a casual pertaining rather to a particular case not ¢ “carry 
Of Dis TOO OY Ds § 


“much weight in an attempt to classify dams according to to their probable resist- 


ance 1 to earthquakes. It is ‘decidedly da angerous to ‘draw general conclusions 


} ee a special case, as ‘this might mislead those who are not conversant with 


Undoubtedly, a a ‘study 0: of the resistance of d 


practical importance, despite the fact ‘that it offer 
ka? 
Ities. Nevertheless, with certain simplifying assumptions. it 


hi 
the aid of theory, to gain some knowledge of the stresses caused by seismic 

forces i in 


remarks} on value of Sotmiations: for: prutection nst earthatiake 


cannot be ‘emphasized too strongly, this fact has been borne out con 

 clusively by experience. Most larger buildings are provided with basement 

garages and many w with  sub-basements below this. There are several buildings 
in Los Angeles, Calif., having four stories of basement, with foundations that 
extend to at least 60 ft. below the street level. It follows definitely that such 


modern buildings are subjected ‘to far less earthquake. stress. than those 
erected formerly which had shallow basements and shallow 


ve 


set on firm, solid ground, it is not quite clear ay Mr. Dewell would w wish 


to have them interconnected wi with reinforced conerete. The earthquake force : 
¢ F i 
= 


acts on the entire area ‘simultaneously and there is no effort to separate the i a 
nns the building synchronized with | the earthquake force and set up 


a swaying motion, then, there would be excessive thrusts on the footings, 
alternating from: one side of the building to the opposite side. To avoid the — 


settling of foundations under ‘this action perhaps” it would be better ‘to make 
a all exterior wall ‘column footings as combined footings with the next tier 


3 “3 : inside or carried back to a point considered safe against such action. A heavy oy 


reinforced concrete tie, as Mr. Dewell suggests, would seem only effective in Bi 


rect compression or bending and would not act as a tensile member i in holding 


E e\columns together during an earthquake causing non- uniform distribution 


Engr., Clay Products Inst. of California, Los Angeles, 
Received by the Secretary, March 30, 1929. 
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treat stress ‘should be laid on Mr. ig aa suggestion to keep the 
structire from contact with ‘the upper or surface except 


‘ss ‘through low. storied buildings to higher 0 ones. 

Dewell’s ‘observation | of the concrete ‘buildin 3 “Santa 


ara, Calif., which - were sheared pecauye ‘the cold construction joints ened 2 


vided planes: ‘of weakness , brings up a problem in connection with the 


uperstructures as well as the foundation. It is well known and demon- 


that ‘the destructive earthquak ce force i 1s inducing horizontal shear. 


The force is distributed at each floor through the floor system and ‘acts on 


the vertical sections of the building either on | the columns or on be combination 
2mn and walls. The ‘point maximum shear is at the tops and 


ttoms of the vertical sec sections and in reinforced concrete construction there 


always a “cold” joint a at the tops. and bottoms of columns and walls. The 


joint is at ‘the , bottom 1 because of necessity in construction | and at the top 


bee cause of the necessity, of allowing f for vertical shrinkage before sili ‘ae 


systems. There have been failures of reinforced ‘concrete building 


because of this weakness i in shear at these points and considerable thought and — 


j 


attention should be directed to this element if designers : are to demand ‘that 


ARO 
_ While ‘Mr. Dewell i is correct in stating* that earthquake damage ir in the cas 


of pipe lines is largely a question of location, and that pipe lines © crossing a 


fault slip will ‘be nevertheless experience > does ear « out his ¢ conten- 


3 


and in the hands of contractors at that time. bead >. bas 


pipe was supported | on timber the tren 


he by doen the high places and re- ~Caulked pipe 


q 
‘geinforced ‘concrete: structures shall resist earthquake.shear effectively: 


sewers, and. 144i -in. and 16-1 ‘in. vitrified clay being construction 


cla 


y pipe was laid i in the sand ground of the water- front, Wess there 
was heavy circulation of ground-water. I 


t was located at right angles to the Pe 


- direction of the surface waves, 80 that the entire length of the pipe was lifted aa 


and dropped, and thrown from side ‘to the Tise, and fall ane Interal 


‘it v was Jaid, 


this loose fill a and fin some of the pipe 


bells; and since the had not been paid for, ‘the municipal authorities 


‘insisted ‘that new pipe be furnished. Ecler At sift vi botissalt 
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‘Barbara sewer system, 
‘ 


y 
clay pipe, with the exception 1 of large pipe in the outfall, was: prac- 
tically -undamag ed after the earthquake was that, ‘ty 


at the time of heavy tains, , there was some increase in surface water infiltra- 


tion. . Present specifications provide cement mortar joints using 1 part cement — 
andi part sand, and most of the sewers were laid before the present ordinances 


after the and found them in perfect “condition. 


‘Sewer pipe, being class of thin- -walled “structures, ld na 


suffer more than ‘more massive types, but this applies to  conerete as well a 
to clay. As both clay to ass the same 


advantage in concrete ‘clay. matter of fact, since > the 


"that conerete ‘would offer any 5 over r vitrified pipe. * 
In considering the movement of the sub-surface due to earthquake it would 


i seem that sectional pipe lines have certain advantages over monolithic lines 
and that a ‘sectional pipe line with elastic would be the ideal. sec- 


material i is placed 
outside the effective shell ‘of the pipe as a this 


pe 


- pound is of cement and provides a‘ “cold” 
outst will not stand stress, 


‘its service by allowing of sewage during and water 

sand infiltration during \ wet seasons. je It i is observed that the present tendency 

in important sewer systems is to use vitrified clay pipe with ‘a special 
m jointing compound which provides a seal against considerable 


internal water pressure and permits earth movement instead of endeavoring 
would be to test some sections of reinforced sewer 
igi which has been in use for 10 or 20 years to note the effects of use and e 


the concrete and the reinfor both ‘strength and 


oO 
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REPORT | OF THE “ining hi ot 


COMMITTEE OF THE IRRIGATION N DIVI BION, ON 
“A NATIONAL RECLAMATION POLICY” 


ont! 


By Messrs. Ww. W. F. A. Ousey, 
W. Futter,t M. ‘Au. Side. E- —This is o 
all who have occasion consider present or prospective reclamation ‘projects, 
- Obviously, there is more irrigated land than is now needed to supply farm 
products to the “population of Continental ‘United States. Unless a tariff 
= can be adopted with other « arrangements such as to promote the suc- 
cessful sale of farm products abroad, the future of irrigated lands in the Con- 


tinental United depend upon the 


be to the of projects tending to 


a cause a continuance of excess production o of farm products as ones with 


is doubtful whether citizens in general realize how 


question of excess production is being affected | by a marked ‘decrease in th 
% rate of population growth i in the Continental United States. ‘Statistics 1 
ing 0 this have been analyzed by many writers and are well sum- 


e first Federal census in 17 90, the ‘United d States 
During 


ca and Western Europe was abundant and the growth of the cclpeet population i in pe. 

the Southern States was very rapid, it took only | 20 years for ‘the population to 


This discussion (of the Report of the Committee of the Irrigation Division on oe 
> National Reclamation Policy, published in September, 1928, Proceedings and presented at the j 
meeting of the Irrigation Division at San Diego, Calif., October 4, 1928), is printed in Pro- — 

_ eedings in order that the views expressed may be brought before an" members for further — 
Cons, Engr. (Fuller & McClintock), New York, N.Y. 
Wonka,” ” Louis I. Dublin, Harper Bros., 
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pe in T he situation is now chs rate over . death at 
ng to the 1920 ‘Census records showed | an increase in population of bout 11 


1 000, or 1. 1% per year. ‘This indicates that it would now take about 60. 


: rs for this country to double i in population ; that is, on the | basis of uncor- ; 
‘rected birth and death. ‘rates, which vital. statisticians say should be. adjusted 


i det the influence of. existing yes Pay will have its due pr pro rata effect on 


4 


birth and death rates for groups of persons of different ages. — of 


The slowing up of the increase in population : in this | country is related to. 
many factors. Among them may be mentioned the restriction , since | the World 

in European immigration and changed viewpoints in ‘the home | with it 
- complications as to servant questions and the continuing custom of the nativ 


e 
‘stock to have small families. One of the effects of pre- “war unrestricted 
e 


ts 


4 
A 


European immigration followed by present restricted immigration is that there 


now exists in the United States an unusually larg arge _ proportion of female popula- 
ion of ¢ child-bearing age. _ Continuance of restricted d immigration will prevent | 


increments to this group from such source and hence the group as a whole will 
become relatively smaller with a lessening birth rate in the future as compared 


with recent years when the effect of pre-war immigration is still felt. oo ae ; 
niey Without going into great detail it is sufficient ‘to state that when considera- 


; given ‘to the foregoing item ; “to the statistics ‘ok life expectancy of 
jersons in each | group, and to > the effect environ- 


4 


take this country about 120 3 years to 0 double i in ai In fact, 
‘prominent | statisticians who state that the population of this country + will be- 
come stationary with a maximum about 200 000 000 people by 2100. - Others on 


the | contrary predict, on the basis of ultimate possible food production, a. maxi- 


mum of 300-000 000. Whatever may. be the. precise ‘outcome as to population: 
growths it is certain that there is nothing in sight to indicate that an n inereased ; 
demand for farm products justifies the early development of large new — 4 


WwW. F. ne) Esq. (by letter).t—The engineering problem of reclama- 
tion has been well taken care of to the extent tl that great irrigation systems have 


“are 


been completed but the building of a system of canals i is only, the beginning of 
reclamation. To say that the responsibility of the Government ends with the 
4 building | of canals” may be compared to the manufacturer of au tomobile 
4 contending that his car was finished without supplying it with phn _ The 
preparation of the land to receive the water and the placing of settlers t to ‘till 


the soil is the most important part of the reclamation | of arid lands. _ The | 


money invested i in | dams, reservoirs, and canals is wasted if this other part 
of the work i is not done Lage as s scientifically and well as was the planning and 


. In most cases the cost per acre for land prepara- 
and will ‘exceed the cost of construction 


tot 


eves * Field Superv. 3 Irrig. Dist. » 
Alberta, Canada. 
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“thea advancement i in ‘the scientific pursuits has been very rapid, ‘and irriga- 


tior m reclamation is ‘no exception. 1 The man who is ‘to succeed on the land, 


_ who is to utilize the water that comes ‘through the canals, and who must pro- 
from: the land through the proper. use of the water, i must be scientist 


in every sense of the word. He must acquire more scientific knowledge to be 


‘ a good farmer than to conduct any other business, and it is time that the people ; 
4a of the United States realized not ‘only that farming is the most important of ie 
‘human activities, but that the farmer is. entitled to, and should receive, just. 


; and fair compensation for his investment, for his labor, and for his responsi 
; bility. bi Too little i impo rtance has been given to the farmer by. the le ading men, 


abt the projects that have been built by the Government are to. succeed, the _ 
must carry, the: of completing the work, and thet. 


cannot finance the 1 of land, It. requires a of 
years as well as capital expenditure, to develop raw land to its maximum 


capacity of production. It also requires considerable ‘capital. for a farmer to 


support his family through these years of development, to 
. _ The writer has found that a settler | going on to raw land with $2000 to 


$3000 is: financially embarrassed before the ‘land can be developed to a 


where | it will produce : a comfortable living for his and to p pay 


" capital cost and be added to the price of the land. It does not plein arta it is 


done. 3) It is the responsibility of the Government to protect the huge | invest-_ 


ment it now has, and to protect the interest of the settler, that will make the 


he Government policy of. financing construction | is to be commended, 
t “ata not go. far enough. " There are those who might say that this would id 


- charity: and | that, if the Government were to undertake to supervise the develop: 


ment, it would be paternalism. q Yet they are willing that supervisory methods ; 
be used oe the construction of the dams and reservoirs, and the laying out of 


in 1 the construction of ‘the power plants ‘and lines OF ‘distribution ; and 1 that 
other: lines of industry should use the same methods. They Will 
a is necessary that a policy of financing must be instituted in order that these 


industries should succeed ; but if the same principles | are applied by ‘the G 


ernment which has alre ady gone hy way with the work of 


ater all: other: 


will require more skill and supervision part 
- reclamation the ‘Government has ever attempted ; and until some policy for 
successfully financing the unoccupied land is worked out and put in opera: 


tion, | the great 1 reclamation problem will remain unsolved. 


In Idaho and Arizona farms that are properly developed, properly equipped, 


pe rly. operated a _ their way. J T he families on these lands ar 
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ne of the modern conveniences an 
tent , Until the. unoccupied land is in the same “condition, its owners will, 
not be able to pay. its portion, and. until the proper financing and supervision 
is s available it will to be unoccupied. brah od haunt 
ail The. class of settler require red for this land ‘is no. longer willing to wadeszn: 


with the be modern conveniences on the farm. What manu- 
- facturing concern would think of trying to operate w ithout the latest and. —_— 4 


5) 


efficient machinery and the latest methods to ‘meet competition? ust ‘the 


‘The Lethbridge Northern Irrigation District, i in | Boutliern 
would never have been successfully settled had not ‘been for the poliey of 4 

F ‘supervision and financing put in operation by the Alberta Government. _ After 

four years the ‘Government i is just beginning to see the results from the appli- 

cation of this policy. has fully demonstrated, however, that, it is “a step 
in the. right direction”. t In less than four years the district has ‘been fully 
a settled with a desirable class of citizens, most of ‘whom are ‘contented. Fully 


(15% are in better financial condition than when the project’ was begun. Most 4 
4 


Ee the settlers placed on the project have stayed. _ Of 738 families placed, only 


have moved away. While many problems have been encountered and 


7 akes have been made, the Alberta experiment has been fully justified. No 


agency could have : attained the same degree of success 


Nis A. Ouses, * Eso. (by | letter). +—Certain « conclusions embodied in 


Lippincott’s aper} were expressed by Secretary of Agriculture Jardineg in 
Pp 


_ discussing: the significance of the interest exemption on construction charges 


as a special subsidy to particular locations. _ He indicated that such a AL 


in principle represents a form of discrimination against established farmers 


new settlers elsewhere, a nd that, in the present period, it arm by 


“promotion of navigation, and develovs ment of water 
hese conditions the advisability of a a particular project, must be determined by j 


of the entire complex of objectives. Even. under such q 


it would be difficult to. justify the interest ‘exemption for reclamation, 


ta ©. Gray Esq. (by letter) -{—In connection with Mr. Lippincott’s : 


“esting p paper, t attention. may be called to the views of the late Mr. R. P. Teele,** al 


_-- * Chf., Bureau of Agricultural Economics, U. S. Dept. of Agriculture, Washington, D. Cc. 
a0}, + Received by the Secretary, June 19, 192% 
_ ¢ Proceedings, Am. Soc. C. E., May, 1929, Papers and Discussions, p. 1193 Se 


Annual Rept., Secretary of Agriculture, 1927, pp, 26-27. 
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Policies in 


ing 
— 
— 
po 
= 
s living in keeping withthe times, and if the rural population is to continue to fF 
we 
— 
— om 
— 
— @ 
same thing should apply to the development Or new lands if they are to become 
— 
— 
— 
| 
— 
— 
| 
— > 
— 
— 
— 
4 
— 8 
— 
— 
the United States,” also, 
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ings, therefore, have a an n important bearing o1 on the issue. 


at The Committee has rendered a public service > by its analysis of the Federal 


were considered; and 8), ‘therefore, imposes a level of which 


. must be written down to a lower level. when the ‘project is s acquired by sub 
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PAPERS AND DISCUSSIONS. 


This Society is not responsible for any statement made or opinion 


OF, HIGHWAY. TRANSPORT SURVEYS | 
BE, Messrs. ‘Tuomas, AND G. F. ScHLesiNcER.+ 


CHARLE Tuomas, M. Am. Soc. _E. (by letter). g—The 
analysis” made. by. Mr. ‘Schlesinger shows rather the. importance of a 


study of population figures. in planning roads. “The volume highway 
. traffic i in an area is largely a function of the population of. the area,” 


a stated| and proved by the. author for Ohio, i is also a a fundamental proposition 


laid down by ‘the late yt M. ‘Wellington, M. An. Soc. C E., as applied to. 
‘railroads. ‘The ‘development of modern highway traffic is prod lucing conditions 
that: are more and more like those that _ apply to railroads and telephone com- 


panies. ‘Similar methods of analysis, which have reached a high degree of 


‘refinement, i in railroad. and, telephone traffic studies, may | be applied with s 

egree of success to an analysis of highway conditions. ly “ 
For purposes ‘of redictin futur traffic on a ro 


survey seems to be 


=~ 


J 


king the s stal 
. ust how much 

duce a given 


_ dn cases. where the traffic Ad sot seem to vary so exactly with the popu- 


- lation on ‘the State roads, t the author states that, other roads carried the traffic. 
Might it not also be assumed from the same data that the economic location 


of. the. State road was poorly | made—the road was not in. the right ‘place? 


* Discussion of the paper by G. F. Schlesinger, M. Am. Soc. C. continued from ds 


_--‘ § Received by the Secretary, April 15, 1929. This discussion includes the brief discus La 
gion received from Mr. on October 22; published in December, 1928, iPro. 


ll Am. Soc. E., Pape and 
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-50-m -mile limit of trip*— —through traffic i is relatively small. 


from the standpoint of the area served would seem to be. possible, , and ‘such | 
alysi should give and use ul information, especially 


 ‘Thed determination of the potential traffic in the area would give maximum 


figures useful in designin The variable of ‘attraction of traffic” is elimi- 


nated by assuming that the road properly ‘improved will get all the traffic, “— 


“much of which i now going by other rontes, This, of course, only 


‘The subject is is one e that ‘might be and elaborate 
results. Suffice. it to say ‘that the old railroad p principle location 


holds true, namely, that there is oné best route between two points or a group 


pert 


‘ion to traffic to be anticipated when ‘the traffic : area is developed to its full 
present possibilities; and if funds” are available it may be wise to ‘anticipate 
future traffic possibilities of the area, 


4 


- ‘The economic study of highways as discussed by Mr. Schlesinger = 
involves : (1) The political and social aspects and the effect of taxation and 


intangible benefits ; (2) the more easily measured costs of construction and 


maintenance and the adjustment of such costs to individual vehicle operating - 


costs; and (3) the monetary savings or profits, if any, from improved trans- = 
portation facilities, 


limiting the subject to. highways “by private enterprise 


under reasonable charters from ‘the State, many social and political aspects 


are el liminated. This permits a a study of the subject from the standpoint 


of commercial success or failure as measured by the yardstick of business— _ 
‘money profit. or ‘los 


seit ib digit wale 
Ser It is the purpos n 


old and modern ‘and to. present of 


the economic factors to be considered by the engineer in making a survey of 2 

s proposed toll-road Project under modern conditions, so that he may determine 4% 
within reasonable limits ‘of ‘error the relative profit or loss of the pro jec a 


‘Roads in the he United ‘States and England.—Immediately_ after. ‘the 


American Revolutionary Wa ar there was an insistent demand fon 


r improved 
roads, but the States and counties were too poor and the ‘people would not 


6 tolerate éxdessive taxes for toad uilding. Therefore, the English 1 method « of q 


financing building: roads was adopted. various | 


private companies the right. to build roads and charge tolls for their use. 


& _ ‘The fundamental ‘principle of this ‘turnpike system was to transfer the 


d building from the State to the users of the road. In the begin- 4 
ning only the n main roads were to be turnpikes. — ‘The weakness of the turnpike , 


system was that there grew endless number of isolated companies” 
frequently. under financed ‘and ‘operating in -@ territory in which the volume | 


ou ag 
traffic would not permit an adequate return on the investment, with» 


* Proceedings, Am. Soc. Cc. E., September, 1928, Papers ond 2081. 
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tolls amounting to all that the traffic \ would bear. (A dention situation} existed 


with respect to ‘some railroeds).i, These, private turnpikes were so short 
the traveler w was annoyed. continually, by ‘the obstruction of gates as 


| 


"passed from. the road of one company to that of another. robaTh—t 


Oonditions in England under this form of turnpike system have 
| eczibed: by: Mr. Edwin A: Pratt.* ‘He states that when the need arose for 


better roads" in district, a group of land owners and others would apply 


to Parliament for. authority to raise a loan» to be ‘used for ‘improvements. 


would then build or repair | road and ‘set u up gates or bars at ‘which | 


_ 


cost was paid the road would ‘become free ‘for public use. were 
granted for i 


bal 


tation which | brought about the motor vehicle. ‘the present “time 
there are a few of the old- fashioned. companies in existence. 


Sot! Nevertheless, t the era of. road building, brought on by the introduction of 


> private initiative, “marked the beginning of a period of rapid expansion in 


business due to improved transportation facilities both in America 


‘prejudice against many eases without 


ror 


compete with them, and: for this purpose should be designed for the greatest 
degree of efficiency consistent: with the expected traffic, to 


 9—These Toads” have special function and ‘should be constructed. only 


where peculiar local conditions of traffic, ete., indicate their advisability. 
wid —Toll financing of motorways is not. a characteristic necessity, but it 
is a legitimate means of obtaining income from a capital expenditure. seoidyy 


“History of ‘Transportation and Communication in England, by Edwin A 


Pratt, p. conds tat. nolo ows 10% 3 BOE 


voit Also, see, “Motor Roads and the Milan Lakes,” Piero Puricelli, _Autostrade Milan 


x. 
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disrepute; it was killed by mismanagement and lack of business due to rail- _ 
— 
— 
Under ‘modern traffic conditions in which 
motorized, only a few roads have been built by private capital. The failu 
f ‘ of the 
tor traffic is the “autostrade” system in Italy. It 
d has been projected and partly developed under 
‘Se Piero Puricelli. His basic ideas on projecting the roads, as expressec Ne q 
| 
) ; 
» 
th 


4 
their “Projection, 


5.—Under enterprise, the selection of 1 routes and: ‘the’ execution 


proved they may serve as feeders to the express, highways... 
2°; The x mere Presence of poor ‘Toads, that are. the 


_ 8—Existing roads often do not meet the needs of motorways Ssteiae they 
are narrow and winding, they have bad surfaces, sharp turns, concealed inter- 


sections, ‘interurban traction lines _ along the side, grade _ crossings, 
inadequate traffic control. They are inclined to ‘pass ‘frequently through “con- 


, and they’ are subject to the r nuisances created by dust. - These 


nditions are most easily. controlled by designing ‘separate "express. ‘motor- 


ways. Iti is estimated that the Government will take | over the: 


The Motorway from Milan ‘to ‘the Italian Lakes Region. “This 60- 


highway was begun i in 1923 and placed in operation in in 1925. “it 
by a limited liability company and cost approximately $75 000 per mile.” "The 


aemaintne wate issued by the company and the Government guaranties the 


payment of interest, in return for which it takes’ ‘over the control ‘of’ the | 


1926, the ‘receipts and expenditures were ‘as ‘follows: 
Season tickets . 
Advertising space .... 


_ Theb balance ‘sheet thus showed a net sme of $5 000. There was an average 
of 700 vehicles per day of all kinds using the motorway during 1926 and in 


1927 the daily average was 900 00. During the first months of 1928 the everage | 


a + Tolls-—The toll schedule in Table 20 was in effect for two years, ‘after 
ava which a 20% reduction was adopted. - Subseription c cars are good for one year 


over: the entire s system, and provision is made for companies owning several” a 
sl that is, a 20% reduction for two vehicles, | 25% for three, and 80% 


t four or m more. Public service motor vehicles are not issued ‘subscription 
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1% hi p:.trailers....| 0,75. |, 0.65, 
to 26h. p Al. .60 
Cars and trucks of| | 
morethan 26 h. p.. 
| Buses and cars, to 20) 


= 


epreneur Studies. inception of a toll-road project presents certain 


speculative: questions as 'to the profits possible from the i inv vestment of 
‘These may be listed somewhat as sol 8 


to godin sit Tipe Bit es 
a —Will the financing, construction, maintenance, operation costs 


4 permit income with a sufficient margin to “Provide: for dividends and the 
te 2- a hat are the sources of presen and future traffic and how productive 


an 
are the d 


= 


to eal is ‘the proper investment to make so that traffic will be mn 
most ; economically and, at the same | time, produce the greatest net revenue? 


5.— —What kind | of “franchise be obtained the ‘State or local 
authorities and what | are the. conditions of the franc ise, such as duration 
ecapture, renewal, ete., that’ must be met? 


Bi 6. —What measures will be necessary to attract ‘traffic t 


" To answer some, of the questions is is the mission of the engineer employed 
to make a preliminary report; the answer to others has an element of ‘Specula: 
tion which will be discovered only when ‘the highway has been in 


i 
Scope of Preliminary Engineering Report. —The scope ‘of ‘the ‘preliminary 


= 


d 


engineering, report, suggested is limited by the questions asked by the entre- 
neurs as to the project, an _ by, time and funds 
a ailable for the investigation. babs ant 


= 


re 
Vv 


Two basic ideas must be kept in mind in making such a “report: 
eu NEE TADS 


that a motor vehicle has freedom of movement and will find the economic — 5s 
; and, , second, that best 


a 
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location “traf must be must be 


Sele 


placed on that location he type goad (pavement, signaling, crossing, ete.) 


demanded by raffic,, future traffic at the end of a te 


The report might well traffic reconnaissance of the area 
which several ground locations ‘might be made; (b) estimated 


paper location made fr rom 


eration 1 being given to possible alternate routes at 
1 estimate of revenues both present and possible i in the 7 
4 


ete | as ‘indicated by the population and industrial studies made ‘of the” 
area ‘tributary | to the route; (d) ‘estimates of construction ¢ and maintenance 
“costs; ‘estimates of operating: ‘costs; ‘and. (f) summary of “financial and 


» Conclusions and recommendations as to the feasibility o the pacts are 
summarized at the beginning of the report. + a 


Traffic Studies of the Area. —The e study of traffic within area tributary 

‘to several possible locations in the general direction thought feasible for the 
projected highway i is limited. Mr. Schlesinger has found that, over larg areas — 


State or parts of. a ‘State, _ the traffic on the roads varies directly a 
as th e population.* “The accumulation of traffic on a railroad route was found 


Wellingtont to” vary as the : square of the number of traffic 


a i believed that for limited areas the traffic may develop in even a larger 


Bert author states} that the ratio of through traffic | (trips of peers 50 


miles) was” approximately 80% in Ohio; th that bus traffic (15% of the 


total passenger traffic ; and that trucks were 9. 5% of ‘the. total traffic on the 

study” of comparative rail il and highway tonnage made in | Ohio in 
_the proportion of _motor- truck tonnage decreased with ‘the length ¢ of 

haul, as ‘shown i in Table 21. _ However, with the improvement in motor vehicles 


a aaa methods ¢ of operation the length « of ‘profitable haul is is ‘gradually i increasing. ; 


“The entering into a determination of. the traffic in the. area have 
‘been summarized elsewhere by the author follows: 
ye The. formulation, of a method or approximating the traffic on a given 
highway without the necessity of a field survey is within the range of, 
sibility, using the data available as a result of transport. surveys. It is 
believed that the problem is eapable of solution if proper ‘consideration is 


que ty 


SM 


Proceedings, Am. Soc. E., September, 1928, Papers pp. 2079, 


Survey ‘by © Bureau of Public Roads and Ohio Highway Department, 
reported in Roads and October, 1927, iB "Te 


ican Assoctation of State High 
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a , of course, be 4 e sum of gs lg traffic. 


the foreign traffic coming into the area., However, it is scarcely 


possible: that this maximum can ever be. attain ed. 


TABLE 21. 0 or Moron, Truck. AND Ne: 


k total truck ~~ 
| and 
railroad | dj} railroad 


_* Based on tonnage between Columbus, Ohio » and thirty cities having rail connections, | 


Traffic Reconnaissance of the Projected Line.— ‘Traffic studies: of 


jected location of a route may be conducted in sections covering ay 
approximately equal to the normal maximum trip of a ‘motor vehicle. 


The comparative weight to allow in securing local traffic for the road; 
the sacrifices of distance necessary in order to reach certain traffic sources 
‘accumulate traffic; how near to run to cities and towns; the distance 


ga made in by- ~passes ; and the intermediate: changes alignment. ‘to 


shorten the route, are all matters that must be considered as affecting the Re 
total volume of traffic. While the ‘traffic on the road is increased by length- ie 


on 


ening the line, if that is too great drivers become 


It should ‘that no single oad is s completely independent of 


he to* “spill over’ to competing routes. However, traffic has a 
0 concentrate on certain routes ‘that afford convenience, speed, and economy. - 
Factors That ‘Affect Trafic—The function of a highway i is 8 to provide | 


he: destination, and it must t not t be assumed ‘that traffic ‘will come. toa road» 


just because it happens to be a good road. — Other factors” enter the | problem. 


 Oertain roads acquire a name for being good roads and get the traffic ef 
pparently for no better reason than the Biblical allusion, “to him that ma i: 


shall Likewise, the saying, “give a dog a bad name and it’ 
stay possibly explains 
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road a 
na inconse uential matter that use 


may result i ina loss of traffic ‘that is out of all proportion ‘to the | advantage © 
Be gained. i “The loss of traffic due. to missing a town at a distance great enough 


to make dificult mu t b e balanced by y the traffic by 


“errors” in’ the original out of a rou te, 


unlike errors” in management, are mainly irremediable—a kind 


as 


fixed charge: for folly forever”. He also estimates that the loss of traffic® 
varies from 10 to 25% of the total traffic to: be obtained by going directly 


through the center of the town for each mile a railroad | passes at a distance 
from the center er of. the town. These figures, of course, apply only to rail- 


2a roads, but they give a guide | as to a method of computing the effect, of moving — 


_ a highway away from a town. 


| ee The factors that cause variations 18 in t the location « of a route are: Man 
facturing towns that “originate a large amount of. traffic; special industries 
that must be served; the existence competing» routes; and special rea- 
sons that arise, and are peculiar to the existing conditions. sd An attempt to pass” 


i 
ae _ through the center of : gravity of the population of: ‘two towns by going between 


_ them often leads to fallacious results unless” ‘more than two towns are con- 


iy Methods for reconnaissance surveys have not appeared in print so far as 


the writer has been able to determine. The method outlined herein is ‘sug- 
ested: asa procedure t to be followed only as conditions justify. | 


first step in a traffic reconnaissance survey is the collection all 


available data in the form of published U. Ss. Geological Survey maps to be 

e: used in making 1 notes of data and all reports as to motor vehicle registration 

the countries to be traversed. Reports ‘showing: the: location of inc ustrial_ 


re of | counties, and ‘similar material, ‘also will be useful. ’ “The various 
civic chambers of commerce can furnish valuable | 


go: more than 30 miles, it may y safely be assumed i in n general that : a margin n of 50 ee 


"miles, 25 miles on either side of the proposed 264 will be sufficient to embrace 
traffic that will be attracted to the road. 


a The next step is to make a careful study of the 50- mile ‘step of of territory, 
estimating ‘the tonnage to be hauled. This tonnage can van. easily be converted 
into the approximate number of motor-vehicle trips necessary to transport. 

Tor estimate pleasure car traffic the ‘registration in the area may be multiplied 


by about 5 5 000 miles of annual use per year for each car, , and this, in turn, 


may be changed to ‘trips past ae certain point with a suitable correction. 
Through traffic ‘may be estimated from traffic counts at selected points, suit-— 
able corrections. being made for seasonal variations and week-end concen- 


it The third step is to post men at points, determined by a study 


es of maps and personal examination of the roads, and to inquire. about traffic 
and such matters as the possible sale of filling stations or revenue from other 


“Gare will not go more shen 50 miles on. a single trip, about t 70% will 
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sources. men should the on days the wee 
covering 24 hours on each day. “Bison 


> 


attraction of traffic, ‘to the new ‘road ana the influence of. competing ‘roads. 
To determine future traffic, the potential traffic i 


hauled and” registration "predicted, Ww 
estimated as the. maximum regional traffic. The in 
_ through | traffic is not so simple, but may be estimated from ‘increased registra- 


: tion i in the State, by considering tl that through | traffic, in . normal cases, is ne 
more than 25% of the total traffic. 


traffic may be estimated from t the slope of ‘the curves of tralite 


+years, especially the curve. of ‘motor-vehicle registration, in this area. 


dictions more than five years in advance are likely to be very 


Evaluating Time.—The saving of shortened distance to tran: 


portation agencies is readily determined by a simple computation using | the 


~ method of W. H. Connell, M. Am. Soe. C. E.* + For example, with an operating | 
4 cost of about _ 10 cents per mile an and a traffic consisting of 85% light motor 


yehicles and 15% trucks, , the cost cost, for each 1000 ft. over a paved road, r 


- 


alleweather r road, is about cents: for each vehicle. 
— day the cost would be about $20, or $7 300° ‘per year. . The saving per mile 


per year due to shortening the route is, therefore, approximately $38 700, or : 

r 


$774 000° ove a period of 20 years, the life ‘of many bond issues. a zs 
The value car- -minute as determined for congested areas to 


New York City by the State of New Jersey it in end of h 


For trucks, 2. 3 cents; ; for buses, 2.1 cents; and for pleasure ears, 1.0 cents. 


‘In applying these ‘figuites ‘single: grade was found that on 


highway carrying four lines” of traffic averaging 20 000 000 vehicles. per 


there was a loss of 7000000 car- ‘minutes, or $154 000 per year which, 


capitalized 4%, equals” $3 850 000, the that -might_ reasonably | 


vested to eliminate this delay. 


_ Location Curves, and Grades. —The effect of location, curves, and gra es 


the boat is direct and be considered from the ‘standpoint of the 


initial investment in the road— whether it is desired to build a cheap or 


Having determined from the consideration ‘of. the v various traf 
the: traffic- source points through which the projected line. must, pass, th 


problem becomes: one finding ‘the straightest ‘and most Tine 
a" these points, “This line is located on the ground by field surveys of = 


‘many routes ‘is feasible, using the methods familiar to highway 


The elimination of grade crossings with and intersecting high- 
4 ” wad is one of the largest items of exp yense and must be considered carefull; 


because of the liability of a private. corporation t to damages for accidents 


occurring on its property. By observing care in locating the intersections 


* Report of Investigations of Paving and General Highway Conditions by the _Com- 


mission Appointed by the National Paving Brick Manufacturers Association, p. 19. v" Fike dar 


“Beonomic Theory of Highway by M. Am. y Cc. E., Roads and) 


Streets October, 1927, p. 443, 
j 
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of gr separation 


for safety it also. desirable to have 


poy at. point, is eliminated when ‘the road is on @ 


right with sharply defined places of entry y and "departure for 
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1G. —PLAN FOR wary GRADE SEPARATION ON LEVEL GRounp BY ELEVATI 


‘saving time the elimination of delays at crossings and other. 


points ¢ of congestion of traffic will be an ‘important factor i in making the r pat 


attractive to traffic, _thereby increasing revenue. The capacity 
ad is also increased by the time saving. - 

oad is also increased b e time savin 


‘Signaling for traffic control while entering or leaving the road and 


route ‘should be reduced to a maximum lecessary for safety, in order. 


d delays and ‘annoyance for the traveler. ‘The e amount expended 


signaling will ve vary ary with the number of. danger points on the road. 
Estimating Revenue. —Revenue to a toll road may ordinarily accrue from 
use harges or tolls for various types of vehicles; (Q) advertising space 
concessions leased; ‘rent of surplus land usually 


Toll charges fo or various types bptco hicles should be applied as simply as 
In 3 Italy, + various categories based on the horse- “power | of the vehicles 


re in use; term or season tickets are issued, in addition to ontinaty, ‘trip: 


1e value of connecting Tr routes as sources iy both’ local and through traffic 


— 


of the problems of the toll highway officials is to influence this traffic to use 
‘the toll roads, because of ‘the superior advant 


competition \ with other roads that ‘Parallel the toll highway and “here, ; again, 


ages offered. There also exists a 


¥ is self-evident. os hese routes | also intersect other roads, ‘in most eases, and one 


From these and other factors ‘it is apparent: that the chief problem from 


revenue is the ale of which: may 


= 
10 OMAS ON HIGHWAY TRANSPORT SURVE 
highways so that they meet at different levels the cost 
id ee can be reduced. On level ground a treatment of the : 
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is to: DAY: premium 


user of the want it, and the same effort ‘technique 


must be. used as in the | Sale ‘of any other” commodity. In this sales effor 


the use of advertising plays an important part. Advertising campaigns based 


on the recommended procedure of specialists in ‘such work are advisable and 


undoubtedly 1 will have an important effect in increasing the travel on the road. 
Some revenue will be derived from the leasing of billboard space on the 


Sight of way, but it has the disadvantage of obstructing the view of the land- 


“scape: and makes the highway less attractive to the traveler. Concessions | such 


gasoline filling ‘stations, telephones, refreshment stands, etc., are > also 

aod The leasing o owned by the company may be as 

revenue which, in some cases, may | be used to offset the carrying charges. 
wall land. It i is inevitable that i in acquiring right of way, whether by | ease- 


Bye 


ment « or r purchase, there will be much of it not used for highway purposes. 


With: the construction of the road this land will in value in “most 
cases: and sold later at a profit. 


‘The rati 
traffic surveys in 1 several parts” of the United 10 to 25% of 


' through traffic varying with the, season, the section of the road, and the section 
the country. It is quite evident, t therefore, that the ‘wh 


traffic will be local natute and, at present, will be for the most part 


pleasure automobiles. It is highly robable, however, that a decided i increase - 
P 


in truck: traffic will, seen within the next decade. pt 


Costs. —These costs, of | course, much on ‘the invest. 
_ ment in roadway and protective works which the > study of present and future 


trafiie indicates will be profitable. for the location selected. determining 


% the first cost of a pavement, the relative proportion of that cost necessary for 
be ‘maintenance | must be considered as well as that of renewals : at the end o of ae 


Financial Study of a Toll Road.—For purposes of outlining a. method of 


studying the working of proposed ‘toll- road project, consider a ‘Wypothetical 

A toll highway i is ‘proposed to connect two cities of tbe 1 000 000 popula-— 


tion each, that are about 80 miles apart. Between these cities are ten ‘smaller 
cities varying in population from. 5000. to 60.000 which will be by- passed 
apped with short branch roads, There: are ten entry points to. ‘the high 


at the small | cities and also ten other minor intersection, points ‘of industrial ee 
centers. at which entry may also be 


j 
oints, including the terminals. 


The in the is estimated roughly, 


= > > > > > 
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ion other available facilities so that the traffic 
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Working capital stock issued as 2000000 


‘i onsidered in construction costs and “the 
tsi of the total for each item for a road constructed at'a cost of $100 000 
per mile may be approximated, as follows: MOM | 


Buildings” 


40 of the income and expense of the report might be 


kaw to idgit at oldetivoni ai al dow 


Through traffic tolls, | 000 vehicles per day at $1. 00. ys 365 000 


¥ 
_ Advertising space leased. ..... > 0.000 
whe) 
Concessions leased, filling stations, ete. 


ee 


Interest on bonded debt. of $8 000 000 at ‘ te 
Sinking fund to retire $8 000000 years, amount 


eee 


Proposed dividends | on $2 000.000 10 stock at 6%. 120000 


to 
‘Maintenance of Pavement Bridge 
"Renewal of Pav 
miles, $40 000 mile ‘at 5% inter- St 
Maintenance of Protective Works: i 


Ob 80 miles at $50. . ‘ows 4000 


ee 


‘ad 
of Miscellaneous Works (10-Year Life) : agi 
miles, $6 300 mile ‘cost at 8% ‘inter- 


900 a0. men at $2 000 per year... 
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4 men at $2 500. per year. weabtaidi. $1000. om 


thy Yo gaisuses adi 


Damage claims and legal. “qu-wol 000 


Wo 


QF M. Am. Soo. C. E. (by letter).4+— The discussion of 


paper has been of an informative and supplemental nature, as the subject 


i matter was ‘not such as to” eall forth comment of a controversial character. 
Highway engineers and authorities are agreed that the i nformation supplied by L i 


comprehensive transport survey is essential to the proper planning | of a 


“iy ust 
‘Simpson calls attentiont to the impracticability of securing as com- 


na ci 


information in a city traffic ‘survey as in the Ohio survey of ‘rural 


data’ in volving arising from city traffic. stated the writers, 


some of the information made available by the Ohio Transport Survey ‘ ‘might 4 
be elassified as being outside the scope of practicality”. _ However the data 
were ‘obtained : at very little additional expense and, without discussing their 
; practical utility, it may | be stated that they have been a valuable contribution - ae 
general knowledge ‘of the fundamental principles of highway traffic. 


has occurred to the writer that a a a knowledge he origin and | “destination: of a * 


traffic would be very desirable in a city, where conditions require the designa- 
| tion of a system of “one-way” streets, 
is ‘somewhat surprising that, according to the Columbus survey, the 


ES proportion of traffic in the main city streets should agree so closely with that — 


- the 1 main Ohio rural highways (the State System). It would seem logical # 


that the proportion on the main city s streets, as ‘eompared to rural routes would — 


silt The greater availability of alternate > secondary. city streets; 
oF The better condition of the pavements on alternate. seco 


ndary 


and ‘Director, National Paving Brick Mfrs. Assoc., Wash- 
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SCHLESINGER ON HIGHWAY TRANSPORT SURVEYS: 


would follow 


ot: main highway traffic. ‘There is. probably a’ greater ‘percentage of 


traffic ‘outside does not follow the most direct routes. 


ily traffic occurs on Sunday in the country and 


that it isa minimum on that ‘@ity: i in the city, according to Mr. ‘Simpson, shows 


clearly the use many city: motorists make of their cars over the week- end. 
BAIS 
a In his “discussion, Mr. Van Duzer mentions* the. importance of careful 


aiihedn.3 in forecasting fature trends and also the securing of additional data 
that later might modify the general plan based on the original survey. — _ There’ 


should be periodic “follow-up” surveys, which ean be conducted ona much 
Pate 
"smaller scale. He also ‘Suggests the possible utilization of highway 
surveys in connecti 


which, he states, may be expected to ‘concern 
itself. ~The ‘Operation of ‘the State highways has been placed, to a considerable 


AL: 
extent, in the hands. of ‘the State te highway engineering ‘executives, ‘and prop- 
Such duties as the erection of route markers and warni 
t em, and, in some cases, the: highway police | force is under iieir 


However, in the cities, ‘the “control of traffic i ‘is usually under the 
public safety, police, _trafiic, or other department without engineering admin- 
istration and, in mos cases, without eng gineering advice. 


There is, however, decided difference in respect to the ‘composition of 


senger traffic two types. ‘of transportation, The. Ohio survey shows 
that 44.6% of the passenger- car traffic on the State Highway System meas- 


ured in passenger-car miles is non- business « or pleasure traffic, while rail- 
x road traffic is more > predominantly o of the business variety. Railroad passenger 


improved will get all the traffic, much of is mow going: by other 


Mr. Th Thomas quotes from the - original pape ‘0 the effect that t 14% of ‘the 


traffic exceeded a 50- “mile limit of trip. This figure applies ‘to truck: traffic 
ae and approximately 30% of all traffic exceeded 50 miles: per trip However, 
Thomas: is correct: in his. eonclusion that highway ‘traffic is primarily a 
function of local transportation and of the population of local areas tributary 


tot the highway. ‘The writer ‘agrees that the formulation ‘of method for 
approximating the traffic’ on a given or projected highway route without the 


_ necessity of. a field : survey is within the re range of possibility, v using ‘the da ta 
4 id principles established as a result of transport surveys already made. ee 


AS 


‘of the principles established by ‘the’ traffic studies i in ‘Ohio, and by 


Proceedings, Am. 


Mr. Thomas an analogy between highway and railroad traffic. 


yh traffic, also, is not. carried in small ‘mobile ‘units subject, in routing to the 
almost, instant direction of a ‘relative. large number of individual operators. 
this’ reason it “would” ‘not’ accurate: assume that “road properly 
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ject. ‘His analysis, 


thetical “case are admirable. Nor can the writer offer a “any valid objec ions to 


such | private ventures ‘in the transportation - field, if. they appeal to capital as 
profitable enterprises, assuming that the public interest receives. the usual 
legal protection incident to q quasi- -public utilities. However, there is 
decided: opposition to toll roads i in the United | States that there i is little pr we 


/ a ability of such enterprises being legally authorized until there i is a great change 


n public sentiment. In the writer’s opinion - no legislative body, at the present 
time, could be persuaded to grant a toll- road company the right of eminent — 


domain to. condemn private | Property for the right of w vay required for such h a 


ect. While the tax is -essenti 


chased a projected toll Mr. 


serv es, W ou 


_ statementt that that “a 12- hour count taken i in August, therefore, approximates | the 
average § 24- -hour flow throughout the year” may give readers the impression— 
: as it bang the v writer at first  reading—that one (12- hour count during that month a a 


19- hour daylight ‘counts taken. during ‘the month of August. 


details of the analysis a probable traffic and ‘consequent tolls are very logical 


will {inject the observation that ‘the prevailing ‘method of t financing highway 
improvements by. means of a tax on gasoline i is essentially o of tolls. 
er - Colonel Crosby callst attention to the fact that for a century or ‘more 


Ee highway engineers have recognized the utility of traffic data as factors i in 2 th 


a x a more important and valuable utilization is in ‘the, 
State- ‘wide or regional plan for a future program of highway He 


d Discussions, 1265. 
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of determining the probable commercial success of a proposed toll-road 

suggested method of procedure, and application to a hypo- 
es. 
n 
nl — we 
ta 
ere 
ich 
ort 
ith od_of collection. The motorist is 

ble ld offer 
y 
uow in a purely economic study with social and political considerations 

eir eliminated. It is believed that in the future development of highway trans- 
the te portation in this country, as in the past, highway engineers will be required i 

‘i? © a to deal with such social and political problems along with those of a technical al _ 
methods of approximating traffic are not only possible, but actually 
as- 
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D-STORAGE HYDRO- ELECTRIC PLANTS »! ‘out 


Manewarr,t M. Soo. C. E. ¢—Any electric | generat 


‘i a: ing device or method which promises 
of peculiar interest to the clectrical utilities of the country. bi That 


conforms with ‘the enlightened poliey which ‘they have adopted, of f service at 


the lowest cost consistent with continuous operation and sound expansion to 

‘meet the demands of present and future consumers. Naturally, an increase 
the number of consumers and in quantity of power used will bring about a E 

‘a reduction of cost to the consumer. I The electric utilities, not content with this, a 
are always’ on ‘the alert to discover ways to reduce cost, and, therefore, “service a 
rates » beyond ‘that which would be ‘possible: by the ordinary: process of mass ' 


seat 


prodtiction. To this: end, much has to the idea of 


of might be car- 
in the interests of economy, on ‘base-load at consider 


dary source, ‘such as ‘electric batteries, steam accumulators i im steam 


iydro-electric plants, in both ind systems. 


: Consideration has’ also been given to devices for generating from a primary 


souree, such as steam plants i in hydro- electric generating systems, and Diesel 
engines. Because of their high cost, electric storage batteries have not been 


used extensively to carry peak loads. The development of large Diesel engines 
central station use has not advanced, and it. does not seem 
Fi Ww. K. , Assoc. M. Soc. continued 


* Discussion on the paper by reeman 


Vice-Pres., Pacific Gas & Elec. Francisco, Ca alif. 
—_ by the Sec etary, F F 
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factor of come load plants. 2 cea storage plants n may be suitable at times; a 


desiderata are (1) favorable natural conditions and (2) a low first cost. 
In the light of efforts on the part of electric utilities © toward’ incre sin 


“economy | in power production, a discussion of. -pumped- “storage “plants as 
means of solving peak- load problems in electric. tric power stations, is of. timely 
interest. author has grouped them* into three types: The pondage 


plant; ; (2) ‘the storage plant and ), the part-head plant. 


; however, wherever are physically further q 


indiente economic feasibility. In fact, pumped- I-storage plants must be viewed 

Lowe largely with respect to their « economic aspects because, aside from | the pumping 
equipment involved, they | present 1 no technical features not iene in as usual 


The economics relate wholly to the cost of power at the load 
Be: _ which such “plants must supply power as compared with the cost from other 1 
‘aa plants, either steam or other hydro-electric, at the same load factor. . One may A 
ie say that pumped-s storage plants, ‘particularly the pondage and sage type, q 
Be. must be used, in effect, to supply kilowatts of peak load instead of kilowatt- 
ie hours of energy. Consequently, in any given system, they must work in ‘the 
peak of its load, | which contains a negligible quantity of energy, : instead of i in 
the base of its load which contains ‘the bulk of the required energy, The part-_ 
head type may be conditioned so so as to supply both peak and energy. Weeriad ‘ett 
ti ‘With the exception « of the pumping equipment, the part-head plant has an 
physical composition on of an ordinary hydro- electric plant, and_ under equal 
conditions of water ‘supply the « operation and character of power are e the same. ; 
In comparing the cost of ‘power from this type with that from an ordinary 
_ hydro- -electrice plant, account must be ti taken, not, only of the fixed charges" on 
capital investment and the usual operation, ‘maintenance, and depreciation 


_ costs, but due allowance must be made for the cost, if any, of off- peak | energy wl 


Ld 


used i in pumping. This has the effect of adding capital not necessary in ordi- 


steam: plants, its « cost would be substantially that of the fuel not. otherwise 
Ky is burned; if supplied by run-of- stream hydro- electric plants at off-peak dn, 


its ¢ wants would be nothing. Under such conditions of operation gross output 
would be used in the analysis of power cost; but, if such a plant supplied : _ 
own power for pumping, the cost of power would be determined solely by. = 


usual hydro- electric annual ¢ costs, » provided n net et output was considered. oly +0" shy 


thet would make ‘it feasible to install part-head on 


type, there were other plants down stream and if the natural flow of the 


nary hydro- electric projects. When such off-peak energy is supplied from a 


“gegulation of re- -pumped water, and: “the; othe. a part- storage 4 
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cussion. to the pondage type or to any pumped- -storage plant that operates on 


the short-time storage principle; that is one e that uses. system off- peak energy, 
‘ing low load periods, from other plants of the system, to generate on-peak : 


plants down stream, if 


at low load factors, which are used to ‘comb ‘thet top 


loads” that have load factors considerably less than. 100% in order to permit 


_hydro- electric plants | to operate o on the bottom of the load at load factors 
‘considerably greater than the system load factor. _ Often steam power is is cheaper 


han water ‘power at low load factors, vice versa at high factors. 


When n this “condition occurs, ‘there will usually be a composite economy in 
er production if the s system load i is | divided into two parts, and the bottom 2 
i, high load factor, i is placed on water power and the top, or low load- factor, 


placed on steam. This, of course, assumes that, the capital cost of hy 


electric energy is not so low as to preclude the use of any steam and th 


is not so cheap as to preclude the use of any water- “power energy. my eh 
ee ‘Because of the limitation on the quantity of water used, pumped-storage 


must operate. on . the t top or low- -load fa: factor part of the load of a given si 


where ‘the quantity of energy, to be supplied i is ; negligible. ‘Thus, they 


become capacity plants and their ‘fanction is to improve the load factor. of the 


base- load ‘plants —hydro- -electric or steam, or both | as the case may be—to the 


. that the cost of " system power will be a minimum. However, because 0 


the remarkable over-all efficiency modern steam plants, pumped- storage 


plants will be of no value as an aid to composite economy in power production 


_ unless the capital cost. per kilowatt of installed capacity is ‘relatively low. Tt 


is the low capital requirement and negligible fuel consumption that justify — ee 


is a plants for the 2 top or low- load factor le load in a system using base- load 


.. hydro- electric power. . The ‘two kinds of generation facilities, that is, pump ped- 


: storage, and peak- load steam plants i Ina water power system, have a compar- 


able function, and may be truly said to be in economic competition when th 


base-load plants are operated with water power. 


is ali In places where the topography and other natural conditions are favorable ~ 
it is probable that: the capital cost per | kilowatt. of deliverable | peak, at the 


required, very low, load factor from a pumped-storage plant, will be 


Tess than that from an ordinary natural-flow hydro- -electric | plant, with forebay 
and afterbay ‘regulation as may be required for ra low load factor, to justify 


s installation, of t the » former provided the o off- -peak pow er for ‘pumping is 3 avail- 
at a low cost. Consequently, a steam plant, will usually ‘be the alternative 


a pumped-storage plant in in any economic comparison ; and the latter will 


be justified if a kilowatt of power at low seme load factors can be neoduead 
from it cheaper than from a steam plant. _ However, cost comparisons must — 


hey 
n 


7 | 


delivery po oint, since the steam. plant has place 
AE 


a 
<a 
4 
— 
plants: 
= 
i 
— 
— 


plant in base. load on -ele etric plants. For the pur- 


; 


possible a -storage hydro-electric. plant | wherever 

system base | load | is carried by steam “plants. In such. ‘an arrangement iho 

boilers of the base- load plant furnish steam for. the | accumulators. during off- 


peak hours: and the accumulator, in turn, supplies. steam to its electrie gen 
¥ erator in order to furnish La low, load factor, » On- -peak energy, all i in the manner 3 
in which base-load plants supply ‘off- peak energy to elevate and storage water — 


that operates. _pumped-storage plants ov over. the peak. The ‘steam accumulator 
is peculiarly adapta)le in steam- electric generating systems ; consequently, it is 
improbable that it would ever be the best alternative for a -storage 


make this discussion applicable 


g systems, the: ordinary 


‘steam “which is in system, has been chosen as the alter- 
native for a pumped-storage p ant. ries 
When pumped- plant is being for a system t at requires 


additional capacity, it should be expected to carry” only that part of 
peak which would bring about a nice balance of system on-peak and off-peak 


energy, with due regard for the over-all ‘inefficiency of the transmission, pump- — 


ing and generating” combination. part of the “peak of new load which 
such a plant’ ‘ghould carry can be determined | only ‘by making an intensive 


_ study of the load curve of the system in which it will operate. Ycaperhaee ya 
This will furnish the basic information necessary to determine the quan-_ 


tity” of off- peak energy which is available an existing system at various 


times, and the amount of on- -peak energy to be supplied when different amounts = 


of the peak are to be carried by pumped-storage plants. Likewise, “it. fur- 


_ nishes- a means of measuring the annual cost of off-peak energy to be used — 


pumping in case fuel is used in its generation. 


Two composite load curves similar to those us ed i in other economic studies" 
are submitted in- this: connection. One is for a system load factor of 65% 


(Fig. . 8 (a)), such : as would obtain for ‘Tegional systems in California, and the 

other for 45% (Fig. 8 (b)), would obtain f or a metropolitan system, 
anywhere. For convenience, these curves were based ‘on ‘system 
of 4 400 000 kw. are, ir in effect, composite daily load curves, 365 ry 

which would contain, with a great ‘degree of accuracy, all the kilowatt- 


that would be found under 365 hetiidl daily load curves. They ar are necessarily 


dat 


‘inaccurate wit respect to. the 400 000-kw. peak because there would not 


65 peaks of such a magnitude. There is | an appearance 6 f error in the 


of kilowatt-hours lying in the peak, because ‘there would be 


‘ "tis 
such peaks, perhaps: only one, in the year. 


i ae be measured | by the “number of “Kilowatt: hours in about 364 such peaks 


lying in that part of ‘the load above the average annual peak; but this seeming 


does not exist in the composite curves, because the method used i jin con-— 


=) 


— them took into account this very thing. $ Thus, in éfféct, the | curves, q : 


while not being the | exact shape of daily load -eurves, ‘are such that t hey will, : 


“Power by A. H. Markwart, M. Am. Soc. C. E., Journal, Franklin Inst., 
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annually for a a load. 400 000 kw. at 65% load for. region 
‘power systems" in the one. case, and of 45% for metropolitan systems. Sim 
larly, the curves sufficiently accurate to ascertain the kilowatt- -hours in 
various divisions of the load. to base load and peak. load and the off- -peak 
kilowatt-hours in the base load. ie Fig. 8 (a) the dotted division line between 
the | base- load plant the peak-I -load. plant is at 68. 6% of the peak- load 


ordinate and, in Fig. (0), it is at 48. 5 per cent. ‘The energy ratio, -peak 


0 oF on- -peak, equals 13 : 1, which is ‘equivalent a storage. over- -all 
of 60% in both ca 
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illustrate the u use of the curves: : If in Fig. (a) 100% of the peak 
rom the base, or. 400 060 | be carried on steam, or on hydro- electric plant 


nnval load factor; and by water otherwise going in the case 
“electric plants, OF by additional fuel, i in the case of stea 


earried-on like base- load hydro» electtic or plants and the keri 40% 


q 
— 
= & 
| 
ut 
NNSA 
INK 
79, table and diagran — 


-electric plants, th 


latter would have to 16. 1% of t the energy, or 87 000 000 hr. q 
ing purposes would be the 

“of 8. 11% of the system energy, or 200000000 kw-hr. Obviously, such divi- 
one of load between the mped- ‘storage plants and base- ‘load plants would not : 


feasible, because the -peak energy is is less ‘than the off- peak energy. 
ows an approximate equality, 11. 1.90% against 11. 80%, when. 65% 
of. the load i is carried on base-load. plants and 35% on pumped- storage 


This is also- an unbalanced condition because there is no margin of « off- — 
energy to up for the the pumped- plant com- 


It is probable e that the « of. transmission, 1, pumping, ar and generation 


he off 


ave from the point : at which t the off -peak kilowatt-hours are available to that : at | 
which the on on- -peak kilowatt- hours are to be generated as the pumped- “storage 


plants, will be about 5 50%, although 60% is s possible. If 60% efficiency is. 
re chosen, 1 _kw- hr. of generated on- -peak energy - would require » the use for pump 

g, of 14 kw y-hr. of off- peak energy. = Consequently, the balance would be 


found when the quotient, resulting from dividing the percentage of off- peak 
kilowatt-hours rs by the percentage of on-peak kilowatt- hours, i is 13. - Then all 
tant 


the off- peak ene energy would be absorbed and ‘no waste would -oceur. At 05% 
ak from, the base such a quotient is: approximately 1 1; at 109%, ‘it 


68.6% ‘of the peak from the base ‘ahd 4% 0 
the peak from the top as determined graphically by Fig. o (a). 4 With this 


; division, the equivalent ¢ of 18.8% of the system ‘energy would 1 be available for q 
“pumping water to generate on-peak e: energy to the extent of the . required 8.3% of t \ 


the system energy. 3 The load factor of the top would be 17.2 per cent. til ea 


y of the 45% load-facto of Figs. 8 (b) and 9 
«hla ilar scrutiny of th e 45% loa actor curve 0 ‘igs. (6) an 9 (b) 


reveals that a balance of off- peak with on-peak energy would be obtained. by 
1S re dividing the kilowatt load in two parts: 48.5% to base- load plant and 51.5% to . 
pumped- ed-storage plant. This division would cause the off- peak energy to 


times the on- “peak energy and would “cause no waste of off- peak energy. 
a er. There would then be available the equivalent of 19. 5% of the system energy 7 
for the purpose of pumping water to generate on- peak energy to the extent 
the required 11. 1% of the op would 
would appear, therefore, that if if 65% and 45% Tepresent the upper and 
red ‘in actual 


systems with triangular substantially’ all off- -peak kilowatt- hours of 
base- can be on- a-peak kilowatt hours of 


inefficiency of the pumping- g-storage combination wien: 31. 4% 0 


peak for a 65% annual system load factor, and 51. 5% of the peak for aes 45% : 


yy annual system load factor, are carried on . pumped- -storage plants. This would 


leave the remainder of the load in case to be! carried om water! ower or 


planta... 
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The curves Fi ig. 8e 
gy ase of th 


the case o 


the load to be carried, -motorization, to. the: ‘extent. of 87. 6% 


68.6% base load minus 31% minimum system load) of the load to be carried 


or 20% more than | generation, would be necessary . Thus, all the. 


nergy is. to be. absorbed, the “Pumping load determines. the capacity 


£ electrical unit when it is to have the double function of aiiiiaien and mc 


a Likewise, the pumping load determines the capacity of the transmission line 
if one line can “serve. the. dual purpose of bringing off- peak power to the pump 


i 


nd taking on- -peak | power from the generator. In the 45% load factor case, 
if the ‘Tespective figures are 51. % and 48. 5% for pumped- bene: 


4 


_ for pumping is of a a general order only. It can be used as a guide to explore — 
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19.5 % Off Peak Kilowatt Hour 


ave 
Laid 


aK 


aa 


KER 
LTA ALLO 


iz 
4 


Lt Off Peak Kilowat' 


nt Fra. ANNUAL | Loap Factor ‘SYSTEM. Me 


og OF course, the information relating to percentages | of system peak available 


daily load. eurves for individual d: days toc determine the relation of the off- peak 
and on-peak electrical capacities. . However, ‘the. load ‘of the minimum as well 
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min ive other interesting .and haseload 
d-factor load, if 
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HYDRO- -ELECTRIO Ad 


y, was included in making up Fig. 8! 7 
curves: are offered for what they are worth ‘in suggesting a method ‘to aid 
economic study only, ‘rather than to ‘determine exact ‘relation between 
potent” ‘sc. oF Heol ad: 
motorization and generation for design p purposes. 
_ Another fact of ‘some interest is revealed by reading the curves together. 


The quantity of off- peak energy that is available for pumping under condi- 


as tions of practical balance between the two kinds « of energy is reduced a 


system load factors rise. is indicated by the 13. 8% of the 
that is available : at the low-load period in the 65% load factor case as com- 


paved to the 19.5%, with a 45% loa d factor. From this it ‘would appear that 
pumped-storage plants are more to metropolitan systems which have 


low system load factors, than | to regional systems which enjoy high load factors. 5 


F wrinanrrsg ved there ‘is that other feature, which tends to bar their general 1 use 


Often it is possible ‘to regulate the flow at the plants systems 
5 that operate on stored water so ‘that plants on streams that have no storage 
can carry ry block load. - Steam plants ‘designed to carry peaks and a number of — 
hydro- electric plants” of varying output characteristics permit this form of 
operation, with ‘the result ‘that no appreciable quantity of water is wasted 
during low-load periods, if there i is a proper ratio of steam to 0 hydro- electric 
energy in a given situation. Some waste of water would oceur if a hydro- 
—— development were “introduced too soon or if the growth of load was 
less than the anticipation. Usually, however, the steam plants care for 
| growth in the load and the bringing in of a new hydro- electric plan 
timed accordance with its capacity, 80 that it will be fully used when 
pis a takes over the load accumulated for it by ‘the steam ‘plants. Illustrative of 


is the system of the Pacific Gas ‘and Electric consists of 


- fornia. ‘The peak load and output in 1928 wer were 484000 kw. aad 2 545 713 564 ; 
kw- -hr., respectively. . This system | has no off- peak hydro- electric energy and, 


generally, it been possible ‘to control “the construction. ‘program so that 
there is substantially no off-peak energy. The spilled hydro-electric 
in the spring does not exceed ed 8% of the total generated output. 3 


The “system has steam ‘energy which, under some conditions, might be 


available for pumping at times s when the steam plants are not being operated 
over peaks. On the other hand, the steam plants serve the same > economic 


urpose as pumped-storage ‘plants and 1 ‘they have th the ; additional function of 
supplying stand- by ai against a water power or transmission failure. --Parther- 
more, they supply energy to ‘make up the ‘water power deficiency in years o 4 


reduced run- -off (when conditions are reversed and the ‘steam plants are oper-— 


3 ~ ated on the base of the load and the water power plants on the peak). There- 


fore, they can hardly be considered as | means for supplying the energy neces-— 


gary’ to operation of pumped- -storage plants. In fact, even if the base 
Toad em were carried on steam pl t is 
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pumped- -storage plants w uld be uneconomical because tl 


we 
a might be suited to such projects are. ata considerable distance from. ‘th 


Joealities where ‘steam plants are situated. However, it might be possible, in 


regional | systems that. have a ‘metropolitan load, to utilize a -pondag e type 


pumped- storage plant, providing a pump- site was available in close 


Cereentg to the steam plant in the metropolitan area, and that ‘the econoniy 
in ‘power production for the remainder of the was not affected 
The that make pumped-s -storage hy sate: ‘plants econom 

— eally feasible will vary | in each — individual situations must be analyzed. 

‘Thee cost of peak power at. ‘the. required low load factor from other available 
sources is the determining factor, and it is probable that ‘usually steam power 
will be the alternative for pumped-storage power, with off-peak ‘power from 

either steam or run- -of- -stream hydro- electric plants. baw 

However, it is ‘possible to state with correctness, general 


‘The total | additional ‘to be carried will be divided ‘the 


 pumped- -storage peak- load ‘plant and the base-load plant (either run- -of-stream 
hydro- -electric or steam). Under these conditions, the base-load plant will be 
of a capacity such that when operating at a load factor of 100%, it will -pro- 


“duce ‘off- peak energy enough to balance the on- -peak energy of the pumped- 


an economic analysis the capital ‘cost and fuel economy “of. the 
alternate steam plant: shall be (a) of a plant having the capacity of the 


pumped- -storage plant, in cases where the bas e load can be carried on run-of- 
tream water power; and (b) that of a plant with a capacity equal to the ‘total - 


ant af 
additional load to be carried, in cases “where the base load must be darried 


3 (3) cost. of. off-peak steam power ‘wit for energy fue 


- only, (The fuel economy must be that of a base- -load steam plant with a 
— 100% load factor and a 4 capacity equal to the difference between that « of the 


a pumped: storage plant and the total load to be added to ‘the system, with no 


(4) The "marginal: ost of off- -peak hydro- -electrie energy will be zero. 


“(Under such ‘an assumption it is ‘obvious that knowledge of the capacity and ~ 


capital cost of the base- load hydro- electric energy is unnecessary 


(5) Only pumped water is available to the ‘pumped- “storage plant 


thes. (6) Nothing except on-peak power is produced ¢ as a result of the installa 


& 
‘Under these six premises the economic rule would be as The 


i economic limit for capital expenditure for pumped- storage plants is the. cap- 


pos mld 9 hydro-electric plants the limit will be the annual cost of a kilowatt- 
‘equivalent stea power, hae at the annual 
at’ for hydro- elé 
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In the everit that the off: bait energy is aaah by steam plants, 
_ the limit will be the annual cost of a kilowatt-year of equivalent — 
_ steam power minus the annual cost of the fuel burned to ‘supply 
kilowatt of pumped-storage peak, ‘capitalized at annual 


"percentage cost for hydro-electric plants. 
It may be objected that these statements are mere truisms and are, _there- 


fore, of 1 no significance, but truisms are significant if they cause the basic | 
elements in what appears. on ‘its face to be a confused problem, to. be uni- 
recognized. Generalized statements of _the elementary principles 
which attach to the problem. under discussion are desirable in. order to sim- 


plify its The endeavor has been made to formulate ‘such statemer 


It is obvious that the allowable capital expenditure per ‘unit of ‘capacity for 
pumped storage, plants, for each price of on, the fuel econ- 


steam plants. The values. of these elements, in turn, depend on the size of 
‘Plant. Consequently, economic comparisons must be made with | like 


capacities and concomitant conditions, The capita tal cost. per unit of. capacity = 


eh of, steam plants and the fixed charges, that i is, the interest, depreciation, taxes, 


- operation, and maintenance cost, and the cost of stand- by, fuel, or th ‘the annual 


charges except for energy fuel, decrease as the. capacity increases; but the 
x ee charges, expressed as a percentage of the capital cost, will be substan 


tially the ‘same for all capacities of plant, varying. only slightly. for different 


Table 3.) 


the case small ‘pumped- -storage plant a relatively high capital 

TSA 
expenditure per kilowatt af ‘capacity would b be justified because its alternate 


~ steam plant would have a high capital cost and a relatively low fuel economy. tf 
On the other hand, the justifiable capital expenditure per unit. of pumped- ’ 
4 


pels ‘storage cs capacity for a large plant would be relatively low because the alternate 
steam plant | in that case would have : a low capital cost a and a relatively high 


‘aele It is probable that the total operating charges on pumped- aman plants 


would be close to those which would obtain for ordinary hydro-« electric plants, 
. and when expressed as a percentage of the capital cost, would be substantially ; 


the same for all | capacities of plants. 


An economic study. under the rule will be made for a range of capacities 
from 5 000 to 100 000 kw., » assuming that the annual { fixed charges for steam 


plants are 15. 55%» 16. 15%, and 16% of the capital cost for $1. 00, $1. 50, and 


$2.00 oil, respectively, and that the annual fixed charge for ‘pumped- -storage 


The annual fixed” “charge for a steam plant which is the alternate for 


pumped storage, ‘operating in conjunction with | base-load hydro- -electric power, 


should” be | a little ) greater tl than that of the steam plant which is the alternate 
f steam plant. 


A little stand -by fuel ‘would be used in first case, it would 
oa necessary to ) bring the alternate steam plant into operation 1 each day from ‘ 
boilers in order to carry the load for a ‘period of not more than two 
dy 


shifts, or abe out 16- hou irs. - This kind of} ‘operatio on w rould be u unnecessary in the 
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OTAL COST PER KILOWATT PER YEAR OF STEAM POWER 


Not IncLUDING CosT OF ENERGY FUEL AND ANNUAL 
_ PERCENTAGE CosT ON INVESTMENT PER KILOWATT. — 


dollars. 


oil, in |coal, per- 


don 


aiff ayia ai he Io 


a 


Cost per kilowatt per year 


Aa 


imaly 


i 


S238 


wad 


in dollars. 


Barrels 
of oii per} coal per 


per year,|per year 


| 


junits kilowatt | kilowatt 


| thermal 
kilowatt 
per year. 


| 


re 


kilowatt 
per year. 


Interest, | 
deprecia 
tion, and 
kilowatt 
per year.|*~ 


r 


4 


invest- 
ment 


Ca pital 
kilowatt, 


kilowatts. 


Steam 


pacity, 


plant 


— 

— 

a as ‘ 
1al go. 
a 
De 
nt loagd ny gs o 


would be’ “operated oF intermittently. 
; element i is ‘disregarded i in the studies, because it is more or less academic; | 


effect, when considered, would not have been perceptible i in the final result. — 


os The fuel economies for the chosen capacities of alternate steam plants and : 
base-load steam m plants are intended to be those which would obtain with 4 
designed for ‘moderate pressures and elevated 

ranging 400 Ib. with 700° total heat: for the ‘larger plants, to 250° 

conditions are ‘used in ‘steam 


than steam power from the ‘greater: which would obtain 
with plants designed for elevated pressures and corresponding temperatures, 
is considered the alternate for power from a pumped- -storage plant. However, ‘a 
places where a ‘pumped- storage plant of very large capacity. is a possibility 
a steam plant with Ib. capacity may be the alternate. that case 


i 


the study might properly be based on a fuel economy of about 11500 B. t. u y.. 

r kw- hr., compared 13 000 B. u. (which is the highest value 
chosen for this study), except that no material change should be made in 

capital cost, - because the investment per unit of capacity does not change q 

as m materially with changes” in pressure an and temperature, as it does” with a 

change in size. The economic position of pumped-st storage capacity would 

be slightly modified ifa British thermal unit value per Kilowatt- hour, based 
on the greatest advancement the art of designing steam plants, wer e 

chosen the studies. most. individual instances, this type of alternate 
steam plant would probably justify, a smaller capital pur : 


plant» than tine mo 


ix 


generate at 17. 2% in 1 the case » of ‘the 65% Ic load and a 
10. ad factor r in the if the This would. ‘seem to be necessary 


‘making 


off pumping, forthe two. ‘eases. The quantity “of 4 
energy fuel to meet this condition of operation. for the various sizes of plants, 


used in this study, is given in Table4. chatwen fer Bie 


The economical limits of capital expenditure for pumped- -storage as deter- _ 
nined by the rule are given in ‘ig. 10 (a) and Fig. 10 (b). ‘The data for the 


by using the cost of power from. alternate steam 


plants: with ‘different r prices for fuel. Iti is assumed that the off-peak pumping 


energy is supplied either by run-of- stream hydro- -electrie plants or base- “load 
steam plants and that the annual fixed ch harge for the storage is 

While this study is not precise and obviously eauniit dover ‘an. individual 
_ situation, ‘it sets with sufficient accuracy the upper limit of capital expenditure 


of “the capacities considered when are to 
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the of power therefrom is to ‘begeit to that of. 
fuel plants. However, | pumped-storage plants would not be: economically 
<< power from them was just equal in cost st to a alternate steam — 
a powers | it would have to be considerably cheaper than steam power to offset 


disadvantage which attaches to a a plant that ean be onl; to “pull” 
peak loads. A steam plant can furnish energy up to its capacity hy: 


burning sufficient fuel. Consequently, one would not build a pumped- -storage 
plant in in lieu of | a 2 steam plant u mless the estimated capital cost of the: 
- pumped: storage plant was well below that which would bring an equality. of 


st with steam power as indicated by ‘economic study: or unless, where base 
a" load is carried by both run-of-stream hydro-electric and steam plants, enough | 


useful» secondary power resulting fr from natural inflow. to pumped: storage 
‘or from water pumped by ‘surplus’ hydro-electric e1 energy, was. pro-- 


uced to reduce substantially the quantity of o- otherwise burned in t the 


KiLowatr-Hour FUEL PER KiLowatt Carscrry. 

10.9% Load Factor. 


ilowatt 


if: 


To generate 
898 kw-hr. of | 1 489 kw-hr. of a 
energy off-peak energy on-peak energy |off-peak energy 
on-peak per kilowatt ‘per on- peak 
| ofpeak, | kilowatt. | peak. kilowatt. 


per k 
hour. 


‘ired 
barre 
oil. 
+ 


requ 
Per 


British thermal unit 


| + 


Oil, in = in| Oil, Coal, in} Oil, in 
tons. . |barrels. 
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ting from pumped-storage operation in any individual. situa- 


tion may. be measured by the ‘difference between the upper limit of capital 


— 
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— 
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= | 1688 | 0.800 | | | 


system | that has an annual, load factor of 65 per cent. Suppose that an in- : 
crease of 60000 kw. in -eapacity is contemplated; that a pumped storage 
ite is available at which power can be developed at a capital cost of $200 per q 


er kilowatt of capacity in given instance. For. Consider a 


of peak; that the base will be carried on hydro- electric plants; 4 
and that the current | price of coal is $6 per ton. Under such a set of con- 


0.000 kw. of additional capacity would be divided ‘into 18 840 
kw to pumped storage and 41 160 kw. to additional base- load water } power. 


| ‘The former _would operate ata load factor of 17.2% and the latter at 100 7 


per Kilow 


of-steam hydro- electric plants is $253 per kw, as g given by the curve for the 


$6 fuel in Fig. 10 (a). Thus, the saving per kilowatt per year: less 
bi, } 


is sufficient to the disadvantages in pumped- 
- age plants, and not present in steam plants, the pumped- va sit plant would be 
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L OF CAPITAL ‘PER KILOWATT OF 


‘Similarly, with a system load factor of. 415%, off-peak ‘power from base- Joad 


"steam plants and an estimated cost of $200 per kw. for the pumped- storage 
- plant, the additional capacity would be divided into 30 900 to pumped stor-— 


4 age and 29 100 to base-load steam; the former would | operate at a load factor 
; of 10. and the latter at 100 per cent. “upper limit of capital expendi- 


“ture as given by. ‘the $6 ‘coal curve, peak energy for steam plants, is $140, 


per k kw w. (Fig. ‘10 (b)). In this case the excess cost of pumped ‘storage over 
alternate steam is 10. the difference between $200 per kw.. ‘the 
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Fie. 11.—EconomMIcaL Linere oF CAPITAL EXPENDITURE PER KILOWATT OF PUMPED- STORAGE 
HYDRO- ELECTRIC PLANTS FOR CAPACITIES AND DIFFERENT PERCENTAGES or PEAK 


fa, the ‘dealt with the maximum amount of peak 


load thet could be carried by pumped- -storage plants in the two load: factor 


cases on an annual basis. However, smaller amounts ‘might properly be 
| 


arried if, for one reason or another w was feasible to bring” about a 


| 
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Fig. 12, or CaprraL EXPENDITURE PRR KILOWATT OF PUMPED-STORAG 
“Hypro- PLANTS FOR VARIOUS CAPACITIES AND DIFFERENT PERCENTAGES OF PEAK. 
i 


between’ the annual ‘on- peak? a nd off- peak energy of a givens load to’ 
oi be added to a system. It is | convenient to plot other curves, hydro- -electri 


off- peak energy below ‘and steam off- peak « energy above the maximum curves, 


represent “storage ‘capital: expenditure 
| | 
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various: percentages of sila peak less | than the maximum percentage at which 
annual off- peak and on-peak energy balance obtains. abulations are not 
ncluded herein in this connection, but curves are given in Figs. 11, 12, and— 


18, for the ‘two “Toad: factor cases and for the ‘Prices ‘of fuel. 


however, ‘that any “combing” of the peak with. storage is le 


than that which would bring about a balance of the annual off- “peak ‘and 


kilowatt-hours would mess at a load 


of Yearly Peak 


100 


Fic. 13.—EconomicaL Limit oF CAPrraL EXPENDITURE PER KILOWATT OF PUMPED- STORAGE 
HypRo-ELEcTRIC PLANTS FoR VARIOUS CAPACITIES AND DIFFERENT PERCENTAGES OF PEAK. 


Regarding t this last point t is improbable that pumped- -storage h base-— 
load plant arrangement could ¢ ever be ‘such. as to pe permit . the base- load plant . 


to operate at an annual load factor of 100 per cent. The reason for this i is that 


on many days: of the year the Asily load factor would be greater than the 
mm which | has a greater number of 


kilowatt-hours. than there are annual composite day which might be 
- solely for th the purpose of broad economic study. In n such a day of © 
maximum energy t y the division of | load to peak and base as determined ‘for : 


| 


She the annual « composite day would not be the proper division of load i in order 4 
to effect for the maximum energy “day, | the desired on-peak and off-peak kilo- q 
watt -hour relation. situation causes a change, perhaps slight, in the 


economic picture as as presented, , when using a composite annual load curve. 
‘Consequently, a ‘correction must be made to cover this condition. 


This is is illustrated in Fi Fig. : 14, which is a representative pa part of a 12 -mont th 
composite 2 daily load curve covering - May, J une, and J uly, 1928. ‘The basic: 
= data are the same as those used in Fig. 8. The Js anuary curve is the bisa 
“posite Js January day, the February curve the composite February day, and the 
other « curves (through May, Ju une, 2, J uly, ete., ry to December) : are correrponding, 
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“upward, ‘during the hours when load is increasing. There were 
a 30- ‘day month (Fi ig. 14) a and 
520 ordinates for composite eurve for year (Fi ig. 8 (a)). The com- 
“posite. load curve has been found more useful than the more cor mmonly 
employed. “load ‘duration, curve” constructed by re- ~assembling in he order of 


their decreasing magnitude, ordinates representing the halt: hourly loads 
for the period under consideration, because the “composite curve actually 
—jooks like ‘a load curve and closely approximates mane of. the daily curves ; it 


“reveals the distribution of the load throughout the day, which the “load dura- 


tion curve’ > does not. For convenience, the ‘ordinates of the e composite monthly 


-eurves ai are plotted i in percentage the yearly ‘peal 
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Fie, 14 REPRESENTATIVE PART oF ComposiTE CURVE. FOR Each: Mon: 


ye. By extending the curve in Fig. 14 to include the entire year, the day that 
would be likely to 0 have | the greatest number + of kilowatt- hours can be deter 
“mi ned by» inspection. 

£ ts peak is less , than the maximum, being 95% of it, and the 1 minimum “of this 


— 


‘ 


composite June | lay i is one of the highest, being 83% of the peak. ee . 
a matter of fact, a study of the actual records of the system load for 1928 


reveals that the greatest 1 ee of kilowatt- hours was generated on 7 une 13, 
and that the load factor for he day 74.56 ‘per eent. The ‘actual half-— 
ourly loads of that day, ‘alno eonntia as percentages of the peak for 1928, Ne 
re plotted adjacent to the composite June day. Areas: A and B, Fig. 14, 
which are ‘representative of off- 


e ‘intial peak was, placed on 


“ener for this day as abeeoreey with the 68. 6% as determined by the study 
“annual composite daily load curve, characteristic of the system in 


(see, Fig. 8). The on-peak energy above the 75. 8% line, projected 
oss the twelve days, is: 
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ne on the a nual composite curve in ‘Fig. 8. 


percentage of kilowatt-hours from peak will be 8. 4% and 3. 10%, respectively. 


are to be determined by the use of a diagram similar to that 


ves in Figs. 11, 12, and 13, are particularly useful j 


‘that they of ng the economic “situation ‘respecting 
1e load « curve of an “individual day indicates 
that more load must be ‘carried beet day.on ‘the base- load plant than is indi- 


cated by the study of the annual composite daily load curve. The necessity 


for. considering the maximum energy day becomes apparent when it is remem-— 


d that the curves of Fig. 10 are based on a composite daily load curve 


te 


entire ‘year, no actual 1 day of which will be exactly 1i like this composite | q 
Moreover, if. the curves of Fi ig. 10 precisely ‘interpreted they 
vould indicate that storage could be carried over from week to week or month 


to month a given year, , and | this the case in actual 
practice. 


What" economic correction, if any, is desirable when Toad conditions 0 of ‘the. 


day and off-peak energy conversion are to be taken into account 
‘gi To make a practical application of these curves, with: reference to to the 
example, “previously used (60000 kw. additional load) : The division of Toad 
Be tags be 24. 2%, or 14.520 k kw., , to pumped storage, and 15. 8%, or 45 480 kw., to 
base load. By reference to Fi ‘ig. x. 12 (a) and ‘the hydro-e -electrie base- load curve 
es 25% of peak from the top, it, ; will be seen that the capital expenditure for 

a plant of 520 kw. capacity should not O03. per kw. as. contrasted 


Ea ‘the $253 1 ‘per kw. given in Fig. 10 (a). : Were such | division of the 60 000. 
w. additional load to be made, ' the pumped- -storage plant: would carry a vari- 
ee peak throughout the year, operate at an annual load factor of 8.4, and 

upply 3. 10% of the system ilowatt- hours. ‘This detail i is ‘given to ‘indicate 

which might be to. ‘determine the capital limitations of | 

yumped storage with greater refinement, if the ‘maximum daily load factor is 


more than that of the annual composite load. curve v which 


in an over- all economic | study. The example chosen indicates 
that the of capital expenditure for pumped storage should. be reduced 


about 5% Jess than ‘that ‘determined without | giving consideration to the con- a 


- ditions which obtained for the maximum- energy and load-factor day and those p 


would prevail under daily instead of period carry- ‘storage opera- 

curves in Figs. 11, 12, and 13, reveal a number of interesting facts 


Lydro- off: power larger capital expenditure 
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e limit of capital expenditure decressess 
Sera (a) With increase in fuel price when o off-peak power is sup- 
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, the limit of capital enpendlitat 
reases when off-peak is supplied from steam 


Decreases when | off- peak power is supplied from 


limit of capital expenditure with increasing faint t 

With no tendency to become’ constant for capacities 
under 100.000 kw. ‘when off-peak power is supplied from 
run-of-stream hydro-electric plants, irrespective of the 
system load factor, the percentage of peak to be pulled 


(b) With a tendency to become a constant for capacities of 
‘more than from 10 000 to 55 000 kw. when off-peak 


‘ iow load factor, the percentage ‘of peak to “pulled”, 


A tac the price of fuel. bore wol art} ad over { 


he economic. position of pum storag ge depends largely upon the effi- 
ency of the several elements of its physical composition, and the economy of os 


oduction of off- -peak energy. The first, point needs no discussion. 1, but with 


respect. to the second some further comment is in order. The writer has 


- assumed that the total additional load i is to be carried by pumped- -storage and 


by modern base- load plants rather than by -_pumped- storage and old base- load 


“plants. consider ation is of small. economic importance in ‘eases where 


_hydro- electric plants are used on the base, because off-peak energy from such 

plants, is regarded as having ‘no value; but it is a factor, when the off-peak — ve 

; energy is supplied from old steam pl lants that have a ‘To Very 

little capital could be “spent per unit of ‘pumped- storage capacity. in n the latter i 
“ease, because of, the large amount which would be deducted | under the rule to 


| callow for the cost. of the off-peak energy. This becomes ‘apparent when it is 


remembered that with many old steam plants the economy is about 30 000 


‘Btu. -hr., and because. only, a few of the old installations have been 


“replaced. with modern plants with high efficie encies, the average for all plants 
of the country. is about 20000 B.t.u. 


hat 


fh 2 ‘Iti is probable that: the vapitalized value of off-] peak energy based upon such i 


storage capacity, ‘so as to make ‘impossible the building o of such plants. 
ever, if. physical conditions: w were so fortunate as to make it possible to build oa 
at pumped- storage. plant within: a capital s sum per unit of capacity that was ae 


determined on the basis of using low-economy off- -peak energy, ‘the reduction 
cost, per kilowatt, per year (when. the off- peak energy was finally supplied i 


il 


high-economy basis) would equal ‘the difference "between. the low and 


high economy fuel costs” of off- peak energy ‘per kilowatt per year. However, 
Biss is not likely to occur. when very low- -economy off- peak energy is available. | 
example, fuel economy of 30 000 B. tu. per kw- hr., with about $4 coal, 
"would cause the cost. for off- peak energy ‘to be about $12 and $7 per kw. per year, 
_ respectively, for the 65% and 45% load- factor loads, i in turn requiring pumped 
in order. to compete with alternate steam, to be procurable at from 


. to > $100 pen, kw _ It seems improbable t that ‘pumped storage could be built 


“economies would reduce the capital which could be spent per unit of pumped- ie i 
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MARKWART ON ELECTRI 


all transmission, 


u Low- economy off-peak power will occasionally be used with pumped storage, 
despite e the probability that most ‘pumped storage is likely” to be barred if 
-peak | energy is, regularly to be supplied by old steam plants. example, 
might be quite inconvenient to to ‘build a complement of, base load. steam at 


any, 


s showed could be physically accomplished, provided th the capital allowance was 


ea established on _the basis ‘of ‘supplying off- peak energy from a high- “economy 
steam: plant. © n such a situation the pumped- storage plant might properly 


be constructed, and for a time operated with off-peak power | from old steam 


plants, with no no ‘save that the cost of energy the pumped- 
er ge plant would be high during the interim pending the completion of $ 


74 the new steam plant. The excess it in cost per kilowatt per year would equal the 


‘difference between the low and high- economy fuel costs per kilowatt- 
_. The best ‘position for pumped storage with steam-electric | ‘power is that in 


whieh the base load is carried on new high- -economy steam plants. This ele- i 


that is, the efficiency of ‘operation. ‘of the base-load plants, is 
important when the base load i is carried on run- -of- stream hydro- electric  eHerRY, 
because then, ‘since peak energy is considered valueless, pumped storage 


Sg would have its greatest opportunity ‘and much of it could be built which other- 
= might not be feasible where the base load is carried on steam. = 2 


Owing to the: fluctuating 1 price of fuel, judgment must be exercised 


selecting the fuel cost to be used in an economic study. To be on the safe 
side it would be the part of wisdom, when off- -peak power is to come from 


steam plants, to choose a | long- time price of fuel of more than that ad 
might obtain at the time a 1 pumped- -storage plant 1 was being considered, if then 
price was low; and when off- f-peak energy is to from Tun- -of-stream 
hydro- electric plants, one that was than ‘that prevailing at the time, if 


" 


then n the fuel price was high. This reasoning follows from the fact that a 


lowering of the economic limit of capital expenditure for pumped ‘storage, in 


ases where off- peak | energy is supplied from -steam plants, comes with an. 
increase in the price of fuel, but if the off- peak e energy is supplied from - run- 


of-stream plants, it comes with a decrease i in the price, 

This generalized study of the economics of pumped storage is ‘methodical, 
only, and i is intended to be suggestive rather There we doubt: 


other ways to ‘portray 


storage is known. 4 
knowledge the pumped- storage capital “costs. Othe ec 
show different generalized results. However, ‘it is believed that the « 


es capital limit indicate orders of capital cost ‘for pumped-storage plants that 


go 


n s 
o> 


cannot be materially ‘exceeded if. the rest ulting cost of power is to be 


- greater than the current value of power as established by ‘modern, fairly high- | 


“economy, steam plants. Tt should not ‘be inferred that ‘analysis will 


16 necessity for intimate study in individual situations, but it will 


helpful in identifying the -pumped-storage projects which, in connection 


with appropriate base- load plants, are worthy of intensive study t to ) determine 
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e cost of singled en rey from a - complem 


may be used for the purpose of ne with 


t apparen ne must be 


_Gscorning when at determination i is to be made i in the matter of future power 
supply. WwW hat is desired is ‘the lowest-cost electricity, irrespective of whether 


it ‘comes from hydro-electric or fuel-burning plants, or or from a combination of 
both. All Tecognize that, with annual system load factors which are always 


than 100%, there will be an annual economy if the narrow "peaks of the 


; system. load « can be carried by plants | which ¢ can n be built : at a very low Be ss 


“The future course power: necessary to carry total loads’ 
general, not fully established. At present steam power appears to be more 
h3 or Jess in the ascendant because fuel is cheap and fuel economies are high. | 
On the other hand, the abundance of. cheap capital and the economic advan- 
i tages which accrue by the use of high transmission voltages, causes 
electric energy to to remain a 1 souree of power not to be overlooked, particularly 1 : 
_ when it is remembered that the price of fuel may be higher in the ease of ia 
steam power, and sufficient experience has not been accumulated to determine 


with certainty the cost of operation and ‘maintenance of ‘modern steam ‘plants 


rage whereas” the fixe charges which make the major costs of 


time to build hydro- electric plants is capital is cheap it is 


sound business, capital is readily obtainable, to use electric power 


. However, the 


"generally, in order that he may shift from one to the other or to both of 


‘these major power sources in ‘delving for reduced costs. . Because of the. rap 
conditions, sound | economic analysis is more important in n the 
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PAPERS AND DISCUSSIONS 


i o} wilt bug. 
not "responsible. for ‘any statement ‘made or ‘opinion -expresse ed 


“COMMENTS: ON THE DESIGN OF 


SLUDGE DIGESTION TANKS 


KENNETH ALLEN,+ M. Am. 


man,’ wW. Scott- Moncrieff, carried out a ‘most interesting experiment§ in 
passing septic t tank effluent through a series of nine trays placed one above 


another, each ‘containing 6 in. of coke. No deposit had accumulated i in 3 
months of operation while,. in the 8 or 10 min. required for 


Soo. 


‘in part large proportion of bacteria the. septic. sewage 


much of the organic solids - condition easily, attacked by 
nit nitrifying» bacteria. The development of these bacteria, in turn, was pro- 


‘moted by the oxygen absorbed by the sewage in ‘dropping from one tray to ) the 
3 next; but the rapidity of purification was also attributed to the selective Ly 
; - development, in each tray, of the particular bacteria specially adapted to ele 
environment. Consequently, theiz activities were carried on under the ‘most 


Wis 


conditions, just as division of Tabor in a well- organized indust 


stated that|| “the nitrate has developed with amt, to an 


Discussion of the paper ty Richard H. Gould, Am. Soc. C. continued from 
sig he San. Engr., ‘Office of Chf. Board of Apportionment, way 


in Record, Vol. XXXVIII, p. 561. | 
Journal, Sanitary Insti; Vol. XIX; Pt: IV. 


im 
Bread 
i 
qi! t 
Ble: 
hii. 
Boi. 
—_ oxygen consumed” tests, Dr. Samuel Rideal found an average of 93%, and 
“' n the oxidation of nitrogen, he found that 91.6% purification was brought : 
4 been recently brought forward by Wynkoop Kiersted, M. Am. Soc. E.,f in 


ment t that be ‘rendered ier and more rapid and secondary 
sedimentation avoided altogether. This is advocated as an ideal for which to re 


izing 1g compressed air and aeration. “The ‘supply 


a air required for a agitation and t that for the supply « of o: oxygen to ‘the § sewage ¥ 


ar re unrelated ; and i in the attempt ‘to secure adequate treatment an excess 


either one or the other ‘of these ordinarily be used. Martin 
states,* “this 3 difficulty would be avoided if the stirring and the aeration were 


flected independently. ” In connection with septic and Imhoff tanks, Dr. 


ated ‘thatt sedimentation an d digestion, 


they are two separate proc be ‘combined for the 


Wu Mr. H. Shenton 


These examples illustrate the trend separation. of the 


involved in sewage treatment th in order that may be carried | 
out: under the most favorable conditions. ; 
dal In 1 sludge digestion : as ordinarily practiced, there i is a tank influent of f fresh 
sludge with, perhaps, | a percentage of ripe sludge for seeding.’ After entering 


the tank, which is usually built as a vertical eylinder, this material is 
mately mixed with the other contents by circulation or by mechanical ‘stir- 
i ring. It has been found that this mixing process promotes bacterial: activity, 


our 
ithe: formation and release of gas. and, at the same time, ‘retards ‘the 


formation of seum. 2 To “make | room for the inflowing sludge an ‘equal: volume | 
_ the contents of the tank is drawn off as supernatant or as Sastry fart y 


& 


ithdrawn is dark in color, ‘drainable, and inodorous; but” as it comprises 4 


part of » the sludge that has entered the tank each day for, say, 40 days, repre- 


senting the length of storage, it i is evident i it cannot all be completely 
digested. question | arises as to whether or not a gradual progression | of 


the sludge i in a long horizontal tank of relatively small cross- section—provided 


f. 7 ens 
section at a number of not produce an equal reselt ‘i in loos time 


more ‘thoroughly, digested product in the same time. It is probable: that, q 
Dae wi th the varying condition of the sludge during the period between: its 


entrance ‘and discharge from the tank, there would be a ‘corresponding ‘varia 


in the specific type of bacteria, requiring different pH control: and tem- 


= perature for optimum results. In a tank of this kind it would seem fairly 
reasonable to ) approximate these requirements at perhaps‘ three or four 


With the exception of control, the Merchantville-Pensauken 
verted about 1924 from a septic tank to a digestion tank, complies in prin 


“The Activated Sludge Process,” Chapter XXI, 240, % 7 ai 


Proceedings, Am, Soc. C. April, 1929, and Discussiona, 1065 
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ciple with the writer's suggestion.* Ae ta 


form of a baffled channel 6 ft. wide, 10 ft. deep, and 240 ft. long, gi 


city of about 2 2 cu. . ft. per capita for 11 000 ‘persons. Th he sludge re flows fa a ly 


agit 
to which it has: ‘become black and thoroughly digested. sewage flow aver: 


about 1000 000 g al. per day. In “March, 1927 , samples drawn at ten 
2 ferent points between the inlet and outlet ends showed that+ “all samples after 
at Station 5 were well digested”. In a test made i in February, 1927, the pH rose 


% f 6. A at Station 6 and 1 6 at the effluent. 
t, 
‘sixth and eighth stations, gas evolution was very vigorous and the final roduct ¥ 


after 9 months retention, was black, ‘granular, tarry in odor and had a 13% 
reduction. of biological oxygen demand. In aw week or ten days of warm dry 

weathtr it will ‘shrink fi from a depth of 18 i in. ‘to 4 in. on ‘the drying beds and 
yj then can be heaped up and burned to a fine ash without additional fuel. Accord- 
ing to Maj. M. J. ‘Blew, Research Engineer North East Sewage ‘Treatment 
en Plant, Philadelphia, Pa., the time of retention can be reduced about 20% by e ne 


w vhile by temperature ¢ control it can probably be cut to 6 weeks, or 


The sal tisfactory results secured without pH control or artificial heating Ww 


undoubtedly be exceeded considerably with the adoption of such "measure 
In applying the principle of progressive digestion, two general types" 

; construction are possible. - By» the first, ‘the tank would consist, ofa long con- ui 

1a duit slightly, below the hydraulic grade, but with. a gentle upward gradient to 


enable the released gases to collect in a dome at the outlet end. Baffles” at the 
‘inlet would distribute the incoming sludge, seeded and limed, “if necessary, 


‘ and | provision for pH control and for the removal of deposits, if formed on the 


rounded invert, by ‘flushing or mechanical means, would be made at ma 


points between the two ends of the tank. thin" Ap 
By the second arrangement digestion take place by Steps in several. 


separate. tanks operated in in under independent the uni 


q 


oD 
i, 


= 


oO 


process in a relatively ‘small separate tar nk, a as advocated for large plants by a 
arl Imhoff,§ M. Am. Soc. C. E,, is i in accordan ance with this idea. _ The sludge 


chamber in the ‘Imhoff tank would be of. smaller size and the partly digested 
“contents pumped i in a condensed form to the separate tank. — Acid fermenta- ae 
is avoided and optimum temperatures can be — all with : minimum > 
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Proceedings, Am. Soc. C. E., December, 1928, Papers and Discussions, p. 
§ “The Arithmetic of Sewage Treatment Works, by Karl Imhoff and Gordon M. Fair, 


ALLEN ON DESIGN oF SLUDGE DIGESTION TANKS 


He computes the profit 


capital and operating charges) in liters of sludge gas per day per capita 
selling pfennigs per cu. m. With single-stage digestion at either 1 12°. 


cent., the surplus or profit i is 0. 2 liters and 3.0, liters with two- -stage es- 


tion when heating the second unit, only, to 25° cent.; that is, if the surplus ; 


gas were sold—as is is customary in _Germany—th net profit swith two 
digestion would fifteen times that with a single 43, 

ey: ‘Whether the cost of providing more than two stages. to the process wou 


: ‘ee justified is not known, but if there is an economic ‘advantage i in adding an 4 


tr 

auxiliary tank to ‘the sludge chamber of an Imhoff tank there would appear 

0 be a still greater economy . in providing optimum conditions for ‘all stages \q 

in a single tank near the grou und surface. 

te 


“Fortschritte in der Ausfaulung von von Dr. Ing. Max 4928. 
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te THE THEORY OF STRUCTURES 


“Discussion® 


aio to ont tO edt A oth 


timely contribution to woking of of structures. is very true, as 
Ales . 


notes kling of beams has received far less attention’ 


good reasons why the latter” 


‘ 


should” have taken a more > prominent ‘place in the literature of the subject, © 


bat it: is none the less true that the “elastic eq ailibrium” of beams. has” not 


lace ‘its deserves, at American technical 


or know p this other brief papers. 


ion ‘minimizing the importanee ‘of Mr. Richmond 8 “independent cand orig> 
inal analysis, seems: 


literature on the subject that, been i in 1 existenice for some time. 
* di The first | treatment of the | roblem appears to be due to Professor L. P randtl 
( 


pat 


f the University, of Gottingen. His original paper'| covers very, fully the basic 


of “ “tipping” of long, | thin beams i in flexure and includes detailed 


treatment of what the author designates as -beams”. 
The first study of flanged beams, sections ‘in p 


t to Professor 8S. Ti T ‘imoshenko. His treatment Was on essentially 


lines” than that devoted to “ beams” in the | paper, covering quite fully 


Cons. Engr. (Sverdrup, & Parcel), St. “Louis, Mo. Ras 1G 


§ Proceedings, Am. Soc. _&, E., January,, 192 Papers, and Discussions, p. 


“Kipperscheinungen,’’ (Munich Dissertation), 1899. A. very clear and _excellen 
résumé of Prandtl’s theory will be, found the treatise by H. Elastiz 
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case referred to by the author* as the “flanged b beam by. the exist- 


para his P vai in some detail for both simple and cantilever beams of I-section 7 
under a variety of loadings. is GF Uteryand hters with 


interesting fact that a order to a pure 
observed by Professor. Oo yon Bach: of the floxure and torsion 
« ies channels has been the subject of many papers appearing in the ye 
technical press since about 1920.8 Th ere We 


to Although the author presents ‘some very interesting and useful tables and 


graphs, the p prime object: of his p paper seems to be the presentation of a funda 3 


‘The writer assumes Equations, (4) to (D, , inclusive, as the basic formulas, 


except that the right side of Equations (4), (6), and (7) is assumed to 3 


‘negative. ‘The author notes: that i ‘in a flanged ‘beam fixed at one end and carry- 
ing a . concentrated load at the other, the principal torsional resistance is fur- a 


nished by a lateral bending moment in the flanges, — M,. _ Assuming that all 
q 


are small, to justify the application of. the theory of elas- 


‘with sufficient exactness: 


direction normal to the plane of the web, due to the twisting effect alone; and 


ri” 


4 


4} 


, M,, effectively. constitut 


Proceedings, Am. Soc. C. E., January, 1929, Papers and Discussions, p. 


+ “Einige Stabilitéts Probleme der Elastizitatstheorie,” Zeitschrift f. Math. “Phys. 
1910, Vol. 58, pp. 337-385 ; and ‘“‘Sur la Stabilité des Systémes Elastiques,” Annales des ma 

et Chaussées, Vol. III, pp. 496-566; Vol. IV, pp. 73-132; and Vol. V, pp. 372-412. 

$ Proceedings, Am. Soc. C. E., January, 1929, Papers and Discussions, p. 15. 


See paper by Professor L. Féppl, Der 12, p. 455, et seq., 


aila 
This is ennentially the same as the author's equations, Am. E., 


January, 1929, Papers and of 13, 
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‘ion ‘to ‘the ‘resistance to twist furnished by the lateral bending 


of the flanges, the beam also deyelops a purely to torsional resistance, it, follows 


that, from Equations (4), (5), and (63): 


placed before the last term. Equation (64) a and taking’ 


which is the ae id equation of elastic equilibrium of the cantilever 


jected to a load, P, at the free end and slightly bent and twisted. — 


nt and twis 
ae the beam. is incapable 8 developing. a purely torsional resistance, C is 
equal to zero and, since, I, = and I =. (approximately) : 


| 


of 

‘the bending of, the to ‘the twisting negligible, is 

equal and the slestic equilibrium for the 


SUN 
A of this differential equation may be found in ‘terms of Béssel’s 


be integrated by means a power series in is 


wah Assume that @ can 


quation (67) then gives, ak 3} 


hit 
Adige ef “iva 


The preceding is the same as that presented ‘and. Foppl, 
“Drang und Zwang,” First Edition, Vol. II, p. 350 et seq. 


of Blasticity,” 1920 Edition, pp. 425 


we 
on — 
Rid 
— 
> 
as- 
— 
nd 
3 — 
re, 
2) manner as : 
| _ example of method, it may be interesting to sketch the process (for this rather ae fe 
simple case) in more detail than is given in the paper. 
inascending 
8 


metho d of undetermin 


it is desired to obtain. ‘the expression for the 


‘may readily be done by” means of Equation thus: dei 


pee! Be 
If the value bbe a from Equation (69) is in Equation (70) ; 


x 6 x x7 
BxX4 "4x! 


and 


From tl relations in the evaluation of the, author 


arrives ats 


identical with Equation ( 


E q, E, J peers 


Noting that I, and that > is always negligibly small 


: in which the “tipping” action of the beam is o 


the edrrespondence between the two results is 


* Proceedings, Am. Soe. C. E., January, 188; Papers ‘and Discussions, p. 


16 6 +PARCEL ON ELASTIC EQUILIBRIUM IN STRUCTURES ove: ers. Bang 
a eee If Equation (68) is to hold for all values of x, the ed 
Coefficients’ requires that: “A, = “A; = 7 
two arbitrary factors, A, 
is 
tm 
| 
J 
— 
— 
2 &§ *) 
q 
1 
| 
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— 
ay 4 
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ax 
— 
> a eke 


x 
states* that he has. extended his analysis to coy case 


having an “appreciable true torsional resistance, although this 


analysis is not included in the paper. may ‘be. ‘noted that the differents 


; Equation (65) which « applies to this case, “may be ‘integrated in precisely. the 
same manner as 1 the author has in Equations 10), and (27). The solution 
has been completely described by. Professor "Timoshenko,+ Who has alas 


vided tables for use in the numerical application of his results. Tt should be 
observed that these tables are only intended for the case in which the load 


Lite ite 
assumed to be applied at the center of gravity of the cross-section (a= oa 0; 


= 0 in the author’s notation). | Fig. 5 (b) is the only solution the writer has 


which takes ‘the offect of the load at at other 
is interesting to compare load derived by Professor  Timo- 
for a given ¢ ease with that obtained from the curve. In the 


example under consideration,t the ‘cantilever is a. irder section, with 


wad the foll owing properties: pan, 16 5 in. 1 ft. i in. 
T= 


194 by tes -in. pare 


Ae ix | 5 = (a roximatel 


The correspondi ing value 


obtained by applying Professor Timoshenko's 


2 tables i is 38 840 Ib. This" indicates that the effect of the torsional resistance in | 


of such. dimensions: as the one considered is very slight compared t 
istance furnished by the: lateral bending of the flanges, and since this 


is is teisly evident from general | considerations, the close ‘correspondence of the we 
two values constitutes a check on the aL alysis. 

Esq. (by 1 letter). author raises an important poin 


in n showing. ‘the necessity, for investigations into the elastic: stability of struc- 


tures. his becomes ‘especially important: in light structures containing ‘slender | 
members, ‘such as are used in railroad electrification. In such | cases, a failure 


‘the structure may occur, due to ‘instability rather to high stresses. 
| Increasing the strength of the steel used does not increase safety i in such cases 
he critical load for a slender member depends on the modulu Oo 


slasticity of the material, and 1 not on its 


me Proceedings, Am. Soc. C. E., January, 1929, Papers and Discussions, p. 15. 


e Stabilitats Probleme der Hlastizitatstheorie,” Zeitschrift f. Math. Phys... 
1910, Vol. 58, pp. 337-385; and “Sur la Stabilité des Systémés Elastiques,” Annales | des 
Ponts et Chaussées, Vol. III, pp. 496-566; Vol. IV, pp. 13- 182; and Vol. “V; pp. 372-412. 
“Hinige Stabilitats Probleme der AR Phy 
7 Prof. of Eng. Mechanics, 
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INKO ON EL /ASTIC 


‘important example of instability, the ‘ahithio# discusses the: 
of ‘sidewise buckling ‘of loaded ‘int he plane o maximun 


he ane of “maximum 


sional ‘plays ati 


(2) beams in which torsional resistance is due to greens nt flanges 01 


anges ‘ily. 
; The first condition i is fulfilled to a great | extent in the case of beams ot narrow 


teaearl be (rol. ak ap 
rec angular | cross- -sé¢tion. This problem has been discussed by L. Prandtl* 
and A. G. M. Michell. + Both arrived | at the same. equation for a cantilever bt 
as that given by the author, namely: batlage od | 

ta 


becomes more complicated because not only torsional rigidity of the beam, but 


; ‘also the resistance of the flanges to bending, must be considered. he wetter a. 


has that (72), the following equation must be used: 


shich, Ki is a see factor Aopending on m the proportions of the bear 


TABLE 2. ‘NUMERICAL OF THE Fag TOR, K, IN (73). 


+ to teilt esteni fart Ai S 


The: a refers to over- depth of the beam. . For greater values 


the factor, Ky, gan be caleulated from | the following 


; 


ate t sl be seen that, as the aa —,, increases, the factor, K, approaches 4.01, 


(73) ‘coincides ‘with Equation his ‘means, that f for 
— - - 
pperscheinungen, Dissertation, Miinchen, 1899. sal all 
t Philosophical Magazine, Vol. 48,1899. forest 


Proceedings, Am. Soe. C, E. , January, 1929, ‘Papers and 12. Youd 


See Bulletin, Polytechnical Inst. at Petersburg, 1905-06 see, also, Zeitechr tft fiir 
Mathematik und Physik, and Annales des Ponts et 
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HENKO ON BQUILIBRIUM IN STRO;) j 


of ‘secondary importance. 


uthor some. numerical. results for a 12-in:, 
31.5-lb., steel I-beam supported at the ends and loaded at the middle. . Thes 
esults are in satisfactory agreement with results given by the writer. a For 


= e ample, when Dp = 20 ft. » and ¢ a= 0 (that i is, s, the point of application of the 
coincides" with the centroid. of the “eross- -section), the writer obtainst 


f= 27 000. Th, per sq. in. This agrees with: the ordinate in Fig..7.§ . It.should 


he author determines the torsional rigidity by tests of small pad, 

steel beams, sithough this quantity be calculated with sufficient accuracy 


: by using one of two approximate formulas proposed by the writer. ll 
fi 

In conclusion, it should be noted that the question of the » stability of a 


given configuration is connected | with the investigation of the energy of the 


s configuration. 


stem for ealculating the critical Joa 


BY. 
method proved very handy for - approximate solutions of s sts ility, prob 


lems, and in the case of sidewi ise buckling of beams it is simpler than the : 


method used by the author, which is based on the of the corre- 


Furthermore, b by ‘using the « energy problems can be 


which a member is “subjected simultaneously to the ‘ “primary loading”, nd 


toa “secondary loading”, and it can be proved that, in general, a member sub- 


ject to deformation by the primary loading will ‘not. be 80 o well adapted to. 


resist t the effects of secondary loading as if the first system of loading did not 
exist. Applying the method to struts submitted to axial compression (the 

loading), and lateral loading (the secondary loadit ng), it can be 


a proved | ‘that when all the lateral forces are in the same direction the “load- — 


resisting -funetion of the member as regards the “secondary system is approxi- 


~ mately proportional to 1 minus the ratio of the - primary load « or system to a 


similar load or which would result in a condition of ‘neutral elastic 


The the center of twist in bending of n non- n-sym 


Seegar and K. Pearson. ‘The. case in which 


Proceedings, Soc. C. E., January, 1929, Papers and sions, 
“shor 
Am, Soc. and D ussions, p. 17. 
Am. Soc. E., Vol. ‘87 (1924), p. 1249, 

_ § Proceedings, Am. Soc. C. E., April, 1929, Papers and Discu 
Loc. January, 1929, and p. 8 
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Proceedings, Royal Soc. (Lond.), (Series A), Vol. 96 (1920), p. 


section is 


uniform. This has been in recent engineering 


Proceedings, Mathematical Soc (Lond.), ), (Series 2), Vol. 20, 1922, p. 22, p. 398. = 


See R. Maillart, Schweizerische Bauz zeitung, Vol. 77, 197; Vol.,79, p. 264; ‘Vol, 83, 


fe > 34; C. Weber, Zeitschrift fiir angewandte Mathematik und Mechanik, Vol. | 4 
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RE INFORCED | CONCRETE BEAMS 


little hope of adding by this discussion. Those have been familiar 
with Professor 


T he author has hous out clearly the : importance of ies stress trajectories, 


or traces of the planes of principal stress, in determining the direction at which — Be 


cracks | first appear. bs Within limits, however, the direction is necessarily a 
oF 


matter of chance. «Until these cracks appear there are lines of tension sloping 
upward toward . the end ofa simply supported beam and lines of compression 


ei as strings with a strut along the top . supporting . the load in tension and as tied 


" ~ arches supporting the load in compression | all within the beam which supports 


the e load i in flexure. — The a arch action n and catenary action which designers are 
constantly in concrete beams, are, therefore, perfectly real ; but ae: 


are no more 1. than they are in timber beams beams; 


at 


‘As cracks occur the carry ‘more and more 


of the load. It would now seem as if these arches" could not fail in shear; 


but elongation. of the main reinforcement and diagonal shortening of the con-— 


crete and especially bond slip—all somewhat similar to rib- shortening as 


atches the thrust lines are now inclined ‘to the arches. 
__* Discussion of 


+ 


sloping d downward toward the support. These 1 may be regarded, -Tespectively, 


— 
Harpy Cross, M. Am. Soc, C. E. 
_Harpy Cross,t M. Am. Soc. C. E. (by letter).{—The author has treated 
ve 
MATA 
is 
: 


ON CRETE BEAMS 


writer thinks that such conceptions 
| They do, however, have e some value in bringing at 


z in dealing with a brittle material, of phenomen which are often 1 thought of 


as secondary. They lead here to a, word of caution in dealing w with beams with 


sloping faces, because of these ‘secondary effects. Because concrete is so brittle, 

it should be be fully reinforced. _ 

‘There are four ur methods jof, st studying, structural desi n: Analysis, tests, 


xxperience with structures in service, and imagination as to 0 possible methods 


of failure. In reinforced concrete no one of f these alone ‘can be calle either 
ay 

proper method or ‘the scientific method of study ; all have been my times 

neglected or over- emphasized; all have proved at times powerfully 
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‘PAPERS AND DISCUSSIONS 


dy This, ‘Society. is. not. responsible for ary. statement . made) ion. 


THE: ‘GRAPHICAL SOLUTION, OFA 


7 


J AKOBSEN, t M. Am. Soo. C. E. _ (by letter). t— ~The author i is to be com- 
plimented for submitting his graphical method for determining the coefficient | 


pen? 


of correlation, r, and its probable error.» The method presented is certain to 
appear: at a disadvanta 


disads antage, due to the small scale made necessary in repro- 
ueing it in a paper. small seale gives: the impression of a. complexity, 


that: probably. would not occur if the scale was large, 2 as it would be, i in actual 


use. } i ig. 128 gives a clear illustration « of the entire problem, including the 


analytical or arithmetical solution for those who ‘may: prefer ‘that.  Mr...Arne 


Fisher has pointed out|| that, when the probable error cannot be determined, 
¥ no great importance can attach to the result, since the probable error may be 
as large, or even larger, than ‘the result itself. “ould oft do 
The writer believes. engineering will benefit, engineers will acquire the 


abit: of analyzing their “facts” by appropriate mathematical methods, ‘such 
as those outlined in this paper. 


The truth is that the writer leans sometiiins 


to the ‘opinion that ‘ facts” ’ may not become '“facts” until | they are so analyzed 
proper methods, or, ‘that they are not useful facts in. a scientific 

sense, until analyzed and properly qualified. tH tA “abtoy 


‘The main problem i is to determine the probable ert error, for it gives informe- 


= tion as to the | reliability of the observations and the theory. _ If the probable 
29 2 ror is larger than the ac actual errors likely to haye. been made i in ‘measuring, 
it signifies that ‘the equation assumed does represent the phenomenon 


* Discuasion of) Peper, Ss. _Bvans, 
Proceedings. 


Cons. Engr. (La Rue & Los caut. 
Received by the Secretary, April 8, 1929. 
§ Proceedings, Am. Soc. C. B., January, 1929, Pape 
Transactions, Am. Soc. C. E., Vol. 91 (1927), p. 83. 
_ § See Karl Pearson, “Grammar of Science” (1911), and the _— popular writings of 


great French mathematician, Henri Poincaré, ‘“‘Science and Hypothesis,” “The ' Value of 
Method,” and “Dernieres Pénsées’ 
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under investigation with sufficient ¢ accuracy. For simplh 
east squares suffices, but for more complicated phenomena ; 


Py _ When Kepler 1 was stu ying the obse ation ade by Tycho Brahe, in order | 
- to determine | th - orbits of the planets, he | assumed at first a circular path. 


found ‘ “errors” of | 8’, but his confidence in Tycho’s 


_ Was 80 implicit # that she refused to-b believe that the actual errors of observations 4 


were that great. ‘He: then tried an 1 elliptic orbit, assuming re sun to be located ' 
aay one focus, and tou ind “errors” of only V5 this led to the discovery of the ‘ . 
‘which 


The writer has the of. tests on the Creek 
and has found for the arch at Elevation 30,, ‘that p, the water load carried by 


the arch, was 9. 80, and its probable error, + 0. 50; : for ¢ a factor, k, psi lael q 


| 
by the shrinkage, he found k equal to — 681 480.* The probable errors 


ny Professor Karl Pearson has shownt that “experience does not and cannot | 
prove causation, which | is an assumption . supplied by Man and then projected 


a 


show t that the value found for D is quite reliable, — the value for k is much — 


into world of phenomena; but experience does show correlation. — The 


coefficient of correlation with its probable e error makes it possible to determine 
the degree of correlation and ‘compare one experience with another. is 


reat many important problems, 1 now generally drowned in a a mass of words, 3 
be attacked intelligently and effectively only by means of the 
" of correlation. — Such problems" as the effect of strikes on ‘Wages, the effect of 


‘wae 


i concentration of industry in large establishments on wages and working con- 


ditions; ete., ean be unraveled only by appropriate ‘mathematical treatment.+ 
Every engineer must often have been vexed or amused when reading the © 


ydluminous opinions offered by successful business. men, politicians, or chiefs 


of Police Departments, on the causes of automobile accidents. This problem : 
might be profitably studied by a few men properly trained and equipped, ‘and 


such study would hinge largely on the” determination of the various 
Leonardo da Vinci wrote: § “He who scorns the certainty of mathematics 
owill not be able to silence sophistical theories which only end i in a war 
ords.’ Although written more than four ceinturies | ago, and in spite of 


siderable progress made in the meantime, this statement applies ¢ as ‘if 4 
nly yesterday. hos ait} to drift ont of 


* Proceedings; Am. Soc. C. E., May, 1929, ‘Papers aid p. 1243. 
ong “Grammar of Science,” by Karl Peatsob;) 1911. ash 
eek See, for example, “Law of Wages,” by Prof. Henry Ludwell Moore, yt a 
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DISCHARGE ¢ “OVER ‘SPILLWA 


T 


By ‘Messrs. B. J AKOBSEN, J.B. Srisoxt, D M. wi oop, 8. 


P. Wi 


Am. ‘Soc. (by Jletter).t —These tests are of par- 


M. 

interest, because they furnish information regarding: the discharge 
for heads Up. to Tl ft. for the Keokuk spillways. A head of 1 ft. on 


~ the model corresponds to 11 ft. on the Keokuk spillways, and the agreement 
between the model and ‘the actual structure is quite. close.§ It would b 

interesting. to have some probable errors calculated for 4 number of these ; 


tests. and to determine the coefficient of cor relation between, the tests on. the 


ha and those on the actual structure, 


he tests suggests that the discharge coefficient, of f the F rancis formula 


CL H*® is not a function. of the head, but of some ratio off or relation 
between, the and the head. It is possible that the authors, may be able 


to derive | some such, relation from the.tests already made. If not, additional 


tests could be made, for example, by. introducing a portable. pier . at Keoku 
ind also, in wit with the. “model, so as to be able. to vary the ratio 
head. “Tf the authors could establish, some such relation, 
it would be o of considerable practical value, since the discharge coefficient, 


ies from 3 to 4. * val w ab wordt batort.ef 


With reference, to igs. and. 138 it. would be instructive to have | the 


value of ¢. ploted. for. a number of vertical. sections, beginning as close as: 


Soc. C. E., in February, 1929, Proceedings, but. not presented at. any of , 
the Society), is published in» Proceedings inorder that the views be brought 
before all members for further discussion. 
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t Received by the Secretary, April 10, 1929. 
Proceedings, Am. Soc. C. E., February, 1929, Papers and Disdussions, ‘Fig. 20 
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the act velocity of the water which’ was | 


aa From what follows in the text, the. writer infers that the reference is to ‘ 


the maximum velocity, which, “however, was not measured, but calculated 
measurements. As the writer ‘understands it, the horizontal velocity 


“le 


as actual as. the Welovity. it in other direetion. ‘The influence of the shape 
of the ; piers, : as noted by - the authors,+ should also be carefully studied. a 
‘The tests appear to have been well 1 conceived and carefully made , despite 


‘considerable difficulties, and the authors deserve ‘the thanks of the profession 


the ‘results of ‘the ‘and tests: ‘ot weir discharge at ‘the 

Keokuk Dam. After reading the paper one can readily understand the 
: reasons » that delayed its appearance until five years after the experiments were 
ne “finished. ‘Those who are constantly studying the behavior o of surface waters 


and who realize how applicable this information is to “numerous problems 
that require solution will be pleased + to learn that they may now y select. -coeffi- 


Yor 


cients for high- -head weir discharges with greater confidence. 


has always lurked in the minds of engineers concerning ‘the influence of the 


opening of neighboring gates on ‘individua 1 weir discharges. 


ae Fig. 14] reveals, a relationship that is ‘indeed. interesting, “but leads one 


writ “uise onl 
to wonder just where the central- -weir velocity ‘eur ‘ves would plot for the con- 


‘ dition of nine, eleven, thirteen, ete., gate openings. Apparently, the greater 


the number of openings the closer the results pea the curve of velocities 


corresponding to ‘the head below pond level.” is appreciated that a greater 

“number of openings at the time these were taken probably ‘would 
- Bent have seriously affected the efficient operation of the power plant and would have E 


Since practically all - velocity measurements made by the U. Ge ological 


Survey : are obtained with eurrent meters, ‘a ‘statement of results| as. com- 3 
pared with “the or adjusted Valties the Ott meter ‘would ‘be of 
terest to its “engineers. Velocities” of more than 12 ft. per sec. are rarely 


exceeded in ordinary gauging work’ ‘no ‘appreciable wear on the 


meters is noted except ; when 1 they are used i in waters heavily charged with silt. : 


The Keokuk Ries is 1 located at | a section ‘that carries ‘the discharge from 


he ‘component areas have not been 


can be obtained, by use ‘of ‘he: Keokuk. records and these experi-- 
ments: assure accuracy of these records for at least the 16-year period 


ON SPILLWAY DISCHARGE OF KEOKUK DAM 
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, Gauge height .o observations and some ischarge meas-— 


urements on the Mississippi River at this location prior to > that, period and 


a extending back to the late Seventies afford a record of fifty | years: or. more, 


which is a valuable. contribution to the study. of the perplexing -Mississipp 


recent Bulletin* issued by the. ‘State Engineer of California and the 


conclusions of the Vermont Flood, Commissiont indicate that engineering — 


: thought i is directed toward the. study. of the feasibility. of co- ordinating water 


power sent. of. discharge for ulas- 


for app lication in such ‘Projects,.on which 


By 


Lote 


an, 


plane and at right ‘antes to the ineaputing 


that component of the velocity normal to the section. ti is to be noted th that in 


‘{ the Keokuk experiments, the meter was allowed to swing in a horizontal plane 
to meet the direction 1 of the averag age current 8 striking it, the angularity being ai 
determined by an indicating The meter \ was not ‘permitted to swing 
in a vertical plane, except in two special tests. Therefore, the effect of eile 
tions in vertical angularity, and of minor departures, from the (average . or 
"predominating horizontal ‘angularity, at any point of ‘measurement, was. 3 taken 
account of only in the standard b behavior of the particular meter used under the 
— composite conditions s existing, with a standard correction obtained from Fig. 9. | 


For some time it has heen known that certain. of ‘the standard makes: of 


when held in a normal horizontal position and when i 


are oblique to the meter in either a’ horizontal or vertical plane, or a édmbing. 


tion of each. To what extent in “the Keokuk experiments correction for 

horizontal angularity, only accounts for all possible over or under- registry, 

not made clear in the paper. It hardly seems possible that Fig. 9 is applicable — Me 

to all stations, especially those near the piers ; 


Furthermore, there is ‘usually not 0 nly a “difference in ‘the: error of 
tion resulting: horizontal and vertical angularity of currents, but also 
a difference from currents hitting the meter from the left and rom those 
hitting it from the right. Variation is of meth ods of suspension and size and 
_ shapes of weights, if they are used, affect meter ratings and ‘registration, as has 
been well ‘proved by “the Water -‘Resourcts Branch of the Geological 
Sur It is open to question whether one standard ‘laboratory correction 
P 


curve covers actually occurring during the measurements. 


_* Bulletin No. 14, “The Control of Floods by Reservoirs.” oa 
+ Engineering News- Record,. Pp. 72,, Vol,, 102, 2. Death 
4 Hydr. Engr., ‘Stone & Webster Eng. Boston, 
ceived by the April: 25, 1929. 
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WI G ON SPILLWAY DISCHARGE OF KEOKUK DAM _ 


Ne The matter of whether or not full consideration has been pai to all these 


£ 

questions, or whether their effect has been determined to be negligible, in view 
of other ‘errors ‘of: measurement possible, ‘is not made clear in re ‘paper. 
is very important to select proper type and ‘of current meter 


‘when used for ¢ exper as ‘described. | While’ the tt type of meter may 


been best adapted to the Keokuk « Ra such general ‘statements in favor 


of its’ selection as* “it measures the normal _ component of angular currents” 
pre PEA 
“more ‘acetirately than other’ types”, “might Be amplified for If the 


‘meter is allowed to swing in ‘either a. horizontal or vertical plane, and its axis 


assumes a position parallel ‘to. ‘the’ average ‘stream line, he statement would 


the statement wou 
refer: to a’ plane “normal to ‘the meter’ rather than “normal to the measuring { 


section”, although the latter i is the desired velocity. Accurate results can be = 


obti when the direction which the ax axis of the meter assumes can be 

a relia bly ascertained. There may well be a set. of conditions in. which another 


_ type of meter might be better suited for determining the velocity “normal. to 


section even i ‘if the Ott type proved best at Keokuk. 


~The authors state+ that ‘ the -8-blade. propeller. it [the Mensing- Ott 
meter had characteristics in measuring currents Ww were superior 


| the others”. In view of the } paucity of experimental data on the behavior of 


current ineters under conditions of angular velocity, would it not be well if the 


2 


authors dev eloped ‘the basis for this statement’ more fully ite 
With the lower actual v velocity and depth conditions in the. model tests, - 


2 it safe to assume that, because of the apparent verification of aaa tube checks, 

43 the limit of accuracy of the field tests Was “within 9 per ‘cent? ‘In view of the : 
care’ taken i in’ all’ e work and the piven’ th complicated 


at problems, the contehusion may be correct, but the writer would! like to see ‘some 


discussion from “others who have ‘conducted laboratory ignd eld tests’ ox on 


questions. te art to tedt a reed 


W pt, Assoc. M, Au. Bor. C. E, (by letter). §—Practical hydraulics, | 


one i the required coefficients | 


‘By 


oring to fix soeficiealt for a large 
t 


prerstin use of the data presented he was enabled to make a direct saving in the 
at? 


size : of his proposed ‘flood- gates. The work of the authors is of particular value, 
in that experiments were made on both a model and on the full-sized structure 


EOL i Sn) tot Siti lL 
Although 1 the theory of models i is well established, certain ‘factors cannot be 
adequately reduced to scale and ‘tests. of the full- seale structure remain the 


final criterion. _ The high degree of correlation obtained by the author, between 


the results of the m mo odel a: nd those of ‘the full-scale struc ure, means that future 


_ tests on simi ar structures can be col ed to those n made on the cheaper models. 


Vis 
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- 4 “The. tests on the model at high heads with the. coefficients, as shown i in 1 Fig. S 


19, * are of special interest. aa hese reach ‘the value of 4.15 and the curve gives . 
indigation of fl 


attening. — ‘The upper limit should be reached when the depth 
of overflow arrives at. a point at which the nappe jumps clear of the fa 


ATO 


it would 1 ‘be int eresting to know what this_ limit is, It “would also. be. of 


interest to ‘know. at what ‘point a vacuum bégins: to form below the nappe. _ 
; The « economic design of the crest o an ‘overflow dam has two x main con; 


BNA 


“trolling factors: First, the design ‘should be. such that. the. coefficient of dis- 


_ charge will be as large as possible ; and, second such that no vacuum will Gin’ 
place under the overfalling sheet. ~ With present information as to the shape 


the low er nappe, ‘based on Bazin’s experiments: and | applied 


and» Justin’s Hydro-Electric Handbook, if vacuum is. to be prevented the 

relation of the depth of overflow with respect to the curve of the dam crest must ee 


such that ‘the coefficient nt of discharge i is limited to to about 3.9 or 4.0 for. an 


unobstructe crest. Tt would. be of interest to know whether this limit exists | ne 
- in fact, as the profile and the cost of an overflow dam are controlled largely by 


.. In applying ‘the results of these tests to other structures, it becomes neces- ae 


sary to nd the. scale at which ‘the proposed strucure most closely resembles 


that. on which the tests were made, and then to make ‘use of this sc cale i 

deter the proper discharge coe This fact occasionally has been 

ove rerlooked; da a being published as to the value of ‘the coefficient for ‘certain 


or for certain depths of flow without giving ‘the ‘full dimensions of the 
structures and the depths of flow at which the tests were made. “In fi fitting a . 
"proposed pr profil file to | a test profile to “find the scale relationship, probably most 


weight should be given to the fit of the up- -stream face. Small differences at 
that point have a large effect on the coefficient of discharge as was shown in the 
model experiments made at Cornell University. Additional experiments are 


needed as to the effect of varying the down- stream profile. 


The authors have shown that results with a 1igh degree of accuracy can 


4, TE Sis TEL 
“obtained. from relatively inexpensive hydraulic models. The writer hopes that 


Bro and others will make additional tests to obtain ‘coefficients for the lack of 

which) hydro- electric designers now must use too much guesswor A: foot of ’ 


equentl worth $100 000, and ‘the economic design of a flow line 


better than are now available. 


_A. Rupvu LPH, Assoo. M. Soc. C. EK. (by letter). §— his paper is 
—— timely in view of the growing ‘interest now ow being “manifested by 


of the ¢ quantities of water and usually encoustered i 
have’ resulted in a a scarcity of conclusive information 


Engr., Stone & Webster Eng. Corporation, Boston, Mass. at 
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“RUDULPH ‘on SPILLWAY DISCHARGE oF KEOKUK DAM 


consequence, _ engineers hesitated to dopt: the results 

ments on models as a reliable measure of full- scale hydraulic, egy 

The close agreement between model and full- tained 


Keokuk shor go far 


over, vie ew “the large- scale model by and 


is possible that the most reliable discharp 

way are those determined by the: model test: 


An ‘essential requirement in any ‘hydraulic test is that true simi- 


WG between model and full-scale conditions be attained. e same reasons 


whi ch cause engineers hesitate in accepting model-test results fre- 


quently” cause them to ‘select, when experiments ‘are attempted, “the 


largest ‘seale for ‘the “model that laboratory facilities will permit. In so 
do oing the true hy ydraulic similari rity “between the “model.” and its full- 


prototype is often overlooked. The following example from the work on a 
Keokuk illustrates this point. Her it 
e he ad o the crest of the ‘was measured at 


4 ‘polite little or velocity normal to the dam existed and, therefore, 


i required no correction for the velocity of approach, the authors do: not indicate 2, 


that the results obtain ed from ‘the model were _ corrected for veloc city of 
approach in the test flume. With all three gates open 1 ‘this velocity would 


i} 2. Ww Wou 
have corresponded to about 12% of . ‘the normal head 1 ft. on the crest 


of ‘the model. ying this correction to the coeflicient for three 


al 


gate: openings, it ‘is reduced to approximately 3. a value somewhat ‘more 
-yeasonable in the light of Tests” 4 and 5 on ‘the full- sized structure. en 


only one gate on the model open, the. velocity of approach becomes 
stall a as to be negligible, and no is required, a model of ‘smaller 
seale had been used, a greater numb er gates could have been. accommo- 
iti 


dated in the 10-ft. width of the test flume and the approach conditions to the 
spillway could have been made. to simulate more truly) those of the full- 
structure, The head measurements could then have been made in a location 


similar to those for ‘the : actual ‘spillway, and no velocity of approach correction a 


Greater precision of measurements 1 will naturally So’ the use 
models, » assuming adequate. for m 


require. a large-size ‘model. Ordinarily, however, entirely 

quantitative determinations ¢an be obtained from models ‘of 
scale than were used, for t the Keokuk tests, ar pl; 

Experiments in. European laboratories have. demonstrated that as long 

as, the ve velocity remains sufficiently. high: to insure a turbulent: or rolling 
condition of flow, the laws of hydraulic similarity continue to apply. Any 

difference i in results obtained. by models of different scales; ‘therefore, | will 


due to the relative frictional ‘resistance’ to flow. “The discharge 0 a spillway 4 
- of the structure nly i in 
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erest! ‘Below ‘this ‘point “the! surface of the overfalling sheet falls below the 


tical depth, and frictional resistance no longer h as any effect on the dis- 


charges, ‘For this. /Teason: ithe effect of relative roughness _of spillway 
models is negligible, a fact authors by comparing the 


discharge 
nly i in 


ments. Aside the use of small- 


scale models has ‘the added advantage of lower ‘cost and’ increased 
3 The reliability of, the odel tests been established by’ comparison 
with the test o a full-sized. structure, the importance of making model 
4 


experiments in of hydraulic structures is strikingly demonstrated 
the experiments perform ed the authors, which show the ‘possibility 
of “materially increasing the discharge capacity of the spillway by the ‘adop- 


H. Pterce,* M. Am. Soo. com E. (by of 
structures by means of. laborator ry measurements on ‘small scale models form ‘$e 

one of the most interesting and fascinating subjects in the field of hydraulic zt 


the region of low ‘velocity up stream’ from, and a short. 


research. Experiments: and laboratory tests of models have. become fairly 


~ eommon in occurrence, but rarely i is the ‘opportunity available vail comparison 
laboratory ‘tests with the ‘results of measurements made o1 on 
the full-sized structure under operating conditions. . Therefore, the experiments 
described i in this paper should be of especial value. 


Some of the earlier tests on models which have come to ‘the writer’s atten: 

tion indicated that the requirements of mechanical and hydraulic similitude 


not always: fully complied with, and, consequently, the results. of the 


tests were not conclusive. It is possible also that all the laws of hydraulic S 
LOTUS) 


5 som may not as yet be established or understood. For example, it is only 
that the foremost exp rimenters: ‘in this subject ha ve fully “compre 


_ hended the time relation 


1918, Benjamin F. Groat, M. Am. ‘Soe. gave a 
of Hydraulic “Models”, and. showed the derivation some of the 


fundamental relations which exist between the full-sized object and the 


ese 


More. recent expositions of these relations have been made by TIFORESROR, aah G 


A condensed restatement of the known laws of hydraulic, similitude may, 7 & 


ermissible, Fora model built) to a;scale relation of 1 : k, the coefficients to 


_be applied to the model features in order to transfer them to the full-s sized 


- t “Ice Diversion, Hydraulic Models, and Hydraulic Similarity,” ‘Transactions, Am. 

BR. Vals ‘LXXXII (1918), pp. (1108-1190: quoted 
 § See “Hydraulic Laboratory — Practice,” Edited by John R. Freeman, Past-President, 

. Soc. C. B.; and pub. by the Am. ‘Soc. of Mech. Engrs., January, 1929). 
7 4 || Arranged from notes of lectures given by Prof, Dr,- tng. Theodar =e Mass. 

Tech., March, 1929, 
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Number. of, revolutions of _water- wheels (pumps, turbi ines) 
foots, number of motion picture exposures. for undistorted 


lonistants; ratios (obstruction ratios, ‘flow ratios); relative 


Lengths; widths; heights; absolute slopes ; velocity heads; 
friction. heads ; stresses strains; wind ‘pressure; towing 


per unit of area; temperature changes through 
...+«+Discharge volume per unit of time and of width. . 


.. Discharge quantities per unit of time for the. entire stream. 

contents ; water v olume ; forces. (weights, impact, 

towing forces, wind pressures, reactions). 
fork done per unit of time; ‘Magnitudes | of movements 


. .Movements; work 5, energies: (potential and kinetic energies). 4 


ocit y with which the water “approaches: the crest is one of 


which determine the discharge equation of the spillway, and 
a3 iy 
it that the approach channel of shall be constructed 
form with ‘the law of similitud 


The falkliment o f this ‘lat er 


assure the proper degree. of smoothness of ‘the model. 


would be manifestly impossible reproduce, i in an hydraulic laboratory 
a an engineering school, all ‘the. diverse conditions pertaining to, the 119 i 


pillway. sections which | extend across the Mississippi _ iver from the Minois 


ms 
shore to the POWES house at ‘Keokuk, Towa. - Certain typical conditions ons 
be evaluate however, and conclusions drawn from them. 


: appears to have been the ‘method of attacking the problem at Keokuk, with 


respect to the current- meter measurements and the model t se 


or ‘ee Eight current-meter measurements were made of discharge over one s Bt: 


m4 


way. measurements may be arranged in five groups as. follows: 


of Head, Keokuk Spillway, 


Logarithm 


(a) No ) adjacent gates open (Measurements. Nos. 1, 2; and 8), 


One adjacent gate open (Measurement No. ofa 


Two adjacent gates (open (Measurements No: 


(dy Four adjacent: gates’ open No: 


of the small range in head between the 


ads 0: 87 ft. between the head of 10. 99 ft. for - Measurement ° No: 7 


Pe 10.62 ft. for Measurement No. 5), it i is necessary to plot them at an’ éxtetided 


geale i order to analyze ‘the results graphically. This ‘has been done in Fig. 
27, in 


me 


in “which logarithms ‘of head 1 have logarithms 
di 


of highest o on 
the discharge curve. Group (a), with no » adjacent gates’ open; is. ‘consistent 


Proceedings, Am, Soc. C. E.,; 1920, and. p. 318, Table 
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gate’ open, shows slightly larger discharge coeficient of} 
Grove: (a); which i is as s might be expected. £ The straight line defined | by. Group 

©) a still due to ‘the ‘greater: head. 


ection, “and, the. a at the measuring: was 
probably. ‘about the same as for the condition of one adjacent gate open, as’ in 


the: case of Measurement No. BP Measurement No. 7 , with six adjacent gates 
“open, and with three gates each side of the -medeuring section, shows the 


highest: coefficient of all, about 2. 

Logarithm of er Foot. of Length Keokuk Spillway. 


Measurements of at Keotuk Nos! 1 to 
shown by Symbol | 


Measurements made under s joinel by 


Condition of 3 Spillways Open| 

Points shown by Circles © are for no neal 
Upstream from Dam 

Points shown by Triangles Silt 
Deposit Ahead of 


I 


“dition ¢ of three spillways open, all the measurements 5 made under that t condition 
plot’ very ‘close to a line the equation of which is 2.834 L H* 028, con- 


dition” of silt, ahead | of the dam to have given results not appre- 


-ciably different from ‘the condition of ‘no silt deposit. For the condition 
one spillway open, the ‘measurements define a line > having the equation 


It should be noted that the small group of measurements with one , spill- 


Ss ay open, which are reproduced at the enlarged scale between the heads hay 
ing logarithms of 1. 035 and 1.041 plot s somewhat larger than the av erage 
for that condition. It is believed, however, that the is ‘more 


endable than individual x 


rs, 3 EOKUK DA 
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im- 
| 

ide. Py Ad | 2S Portion of Rating of Model Reproduced LK 

| Logarithm of Discharge per Foot of Length for Keokuk Spillway. (Based on Model Tests.) 
TOL | Fic, 27.—RESULTS OF LABORATORY TESTS ON MODEL or K ree 
CHARGE PER Foor or LENGTH OF KEOKUK SPILLWAY. Ratio, n= 
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oeflicient varyins g with 


| 


the writer would suggest that it ‘is easy to recast the equations mentioned into 


“the ‘form Cvar. he writer! believes’ that logarithmic 


affords the simplest most réliable meatis of analyzing and evaluating many 


‘of data; especially’ those: “obtained ‘fr om hydraulic experi- 


b oy presage... 
note ‘the considerable number ‘of schools 


‘port and | encouragement ‘of. engineers who are in hydratilic 
can be developed so as to provide ample facilities for the. study’ oe any’ hydraulic 


z ~ The alibi have given the results of a series of very interesting and sieful 
tests made at the laboratory of the University of Iowa. It is - probable that 


ore numerous experiments at. ot er ydraulic laboratories which 


ue to the Engineering Profession if those in RS, of the 
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tedte 


Au 
For those who desire to use and| the head 
instead of the exponential equation as derived from: a straight-line log-diagram, 
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This, is! not fo ‘any ‘statement or opinion’ expressed 


ch, PROGRESS REPORT OF THE SPECIAL COMMITTER 


By Mussns, E. SaLmon, anp J. H. Grirrirus. 


5 | 


E. H.. 


the: closest. _ study. ~The writer. convinced that important progress 
develop from a detailed investigation. of the behavior columns, particularly 
those forming part of a truss. In the ‘ordinary structural, column length 


has been atiethed to them, in the past. 
| Committee refers to some estimates by the writerg of the: imper- 


af fections, initial ‘curvature, ete., likely to occur in practical columns, and the 


statement made | that the measured imperfections in. specimens used for 
the ‘report were considerably less. ‘It is freely admitted that there i is nothing 


sacrosanct about the writer’s estimates, which were based on the data avail- 


a able 1915. _ Nevertherless,-what the Committee’s observations really prove 
is that its ‘specimens were very’ well, straightened. Although the columns 


were required to conform to ‘the _General Specification for Railway Bridges" 
the American Railway Engineering Association, it _ would, perhaps, be 


rather natural if a little extra care were taken with “members intended for 
such special purpose. However this may be, it is’ of interest to ¢ compare the 


Jommittee’ suggested formula, with earlier observations. 


reached the conclusion 


the initial deflection is a function of - — rather of the 


Committee seems to agree. The in Fig. 40 is the from 


| * Discussion of the Progress Rep 


Clark & Standfield, London, England. 
+ Received by ‘the Secretary, April 5,.1920.. 
Proceedings Am. Soc. C. 1929, Papers and Discusstons, p 
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which the ‘rule, e’ was ‘deduced; a lin 
suggestion, e = has been added. It is found by that of the 


points, 7 lie outside the line, e” ,and 78 lie the 


It is submitted that this number is much too large to be fortuitous, 


ms that, n practice, it would not be feasible to eye on securing a crookednes 


‘Fig. i in tl the plotted 


aes 5 of them, or ee are outside the line, e’ _‘Itis to e obs 


} 


ngths. 


A: 
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Hollow Columns 


—TESTsS TO DETERMINE VALUE OF e’. a 


ith Fig. 40, it appears to the writer 


with the av ailable, the estimate, = is not unreasonable. 


ya 
«tis 
— 
— 
sp 
to ya 4 4 ge 
— th 
— 
Proceedings, Am. Soc. C. E., February, 1929, Papers and Discussions, 438, 


yards, and classified as ho aha and shape; that 1 


is, small bars ‘differen- 
tiated from large built “up members. 1 The cost ‘should not be excessive, and 


hpaes+5 
if from these data, the Committee could fix a standard which might = 


inspection in the shops, he conceives: that one debated point in colum 


fabricating compariies “might « co- o-operate usefully to a common advantage. 
_ The Committee finds* that the variations in EF and its effects are of oy 
f ia importance than predicated by the writer. This remark appears to have 


reference, primarily to: the average . value of FE for the column as” 


‘as whole; 
ha t is, as cused the secant formula. Perhaps little. misunderstanding 


= has arisen here, for the writer fully agrees with this conclusion ; in fact, he has © 


a 10%. variation in made no practical difference in the 
value of EI, provided the average - value’ was used for FE. It is of importance, 
to Tecognize the effect of a difference i in the value of for the 
: flanges of a built- -up member, for example, in shifting the center of resistance — 


the geometrical center of th the. cross-s | is easy to prove | 

‘that'a + 10 % variation in E shifts the center of resistance, 


ometrical where h the distance between of 


columns a range: of 10% (— 6.6 to 8%) It is quite probable that ‘the 


previous. estimates for the values of E in compression are inaccurate: ‘The 4 
determination of in compression experiments is not easy. Strain-gauge 
measurements are very ‘suitable, and the effect of flexure is prob: 


mild 1908 to 1912 (range, 164%). who 


insisted on the importance of the variation ‘estimated the range 


2 23% for wrought- -iron specimens. s. In Christie’ s** compression experiments, the 


much higher: Wrougtit iron = = 561% ; steel: = 465. 7 % and: 


> 


224%), experiments nade. at Watertown Arenal on 


due to flexure. Modern expérimenits ‘that E ke same for tension 
4 for and it is ‘noteworthy ‘that the 


“Columns,” by E. H. Salmon, Oxford Téchnical Publications, Pp. 48 i 


if Proceedings, Am Soc, ha 1929, Papers and Discussions, p. A13. 


“Zerknickungs- Mitt. a. Mech, Lab. d. k. Tech. Hochschule 


ce | “The Practical Strength of Columns,” Minutes of Proceedings, Inst. C. E., Vol. LXXXVI, | By, 
261, 1886 ; ; and “A Practical ‘Treatise on Bridge, Construction,”’ Lond., “First Edition, 1887. 

“Experiments on the Strength of Wrought- Tron Struts,” Transactions, Am. | Soc. E., 


+ “The Mechantcal ‘Properties of Steel,” Md Minutes of Proceedings, Inst. C. E., ‘Vol. OGRE: 
5 ‘ 
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_value 8 give, 19,1% for tension experiments). 
Nevertheless, careful. of the, Committee’s figures, for the, columns 


tested | (Tables 25* a 26+), ‘indicate that this, Variation may. be considerably 


d) average value, =, 30 000 000 Ib. per 


20-4 -in. variation in ‘reaches or exceeds 18 59% three 
the maximum v variation hein from - 8, 5. a Tange of 18. ; and i 


from = to +4. 5% a ‘range, of 13. 4 per ‘cent. Th 12 observations on | 20-1 “in. 


“Tengths, “however, maxifntim variation: Was £93" to : 
When it is ‘that! are a Iready averages of 


four, six, or or eight gauge- length Teadings,. its seems f ir to inquire, ‘if in as 
few ‘as thirteen built- “up specimens, a 10% range in the average value 
for r the, whole column is observed, and : a 15% on ‘gauge 


whether it is very extravagant to Suppose that a possible 20% differ- 
ence in, E “might. occur between, the ‘two: flanges of a built- up column in 


"practices. Presuming. that, the ends of ‘such a member were fixed in direction, 
and the writer’s suggestion (that one-half the shift of the center of resistance _ 


be regarded. as initial curvature, and one-half as eccentricity) is adopted, the f 
would not affect the. strength,.. and the proposal would be equiva- 
lent to: taking the 10% “range, found by the Committee: en tirely as. initial 


curvature. Even 80, if such a. member “were short, the effect « of the difference 


in. modulus would.be the larger’ part of the, initial curvature: In this ‘con: 


nection it may be recalled idler took the 2 variation in the modulus 


the sole le imperfection. Srey ot FOR este foots 


would be of. much interest. if | the ‘Committee would give the! actual 
difference in between the two flanges jolt columns, | averaging 


“the value over the whole length of each. flange. dowm “aw 
The, question immediately. arises’ to whether. necessary to assume 
that, the member suffers from all) possible imperfections at once, and, if so, 
whether it i 1s necessary to assume that each imperfection reaches the maximum 
value. . Professor Smith suggested: an application vof the theory 
"probabilities, and proposed to. take, seven-¢ -elevenths. of the. maximum total 
eccentricity, acting in the worst: possible direction: 
the factor of ‘safety. In a a tie 


a beam, one factor of safety will “cover: both accidental ‘increases in the 


Strength of Struts,’ Edinburgh and Leith 


cov 
whi 
4 kne 
val 
| i f 
times, the maximum: variation being from! —7.7 i- sta 
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1 ‘SALMON ON RESEARCH 


, or “under- estimates of magnitude, so ha\ ‘be 
in addition, the non-pr -proportional “increase in’ the ‘deflection 
which, accompanies ‘ogidental: -increases_ in the load. The Committee's sug- 


gestion® + that the si seme factor of safety should be used for columns as for the ‘ 
ther parts of the structure, basing the strength on the yield- -point stress, 


really that the true conditions a as ty and ar 


stances to be in praetice. It b 


since in ‘the ordinary short structural column the stre 
small, an over-estimate is no serious consideration. 


Much the same. arguments: 
most significant results of the Committee’ “research, 


large variation in ‘the 
mild steel. discussing the later Whtartown experiments, Howa 


repeatedly calls attention to and their effect in bringing 
about local fai ailure in-built-up \memhbers.\. 


While the Committée may fairly pe sald to have established t at, 


purposes the tensile thay be taken as. the. failure stress, 


ver age value taken, a 


On 


he po ossible variations. 


port to. the rather. usual practice of a lower 


compression than in tension. ~~ 
Assuming then _that’a suitable value had \ Salen. 


pol 


46 Van 
column has posit tion- fixed ends, the Committee’ Use, of the poate 
to ‘calculate the stress at. yield in the column—as. indeed | is proved by the 
wind sound. method is probably ‘sufficiently accurate 
he case of a direction-fixed column n provided that \a suitable value is 
taken for the “free length”. In: seeking an. replace the 


‘secant, the writer believes” ‘that it is justifiable to take” into. consideration 


used to 
Te bas been plotted lustrate ‘this: 


nt the. ratios of, and: ordinates) 


a to some how the load per ‘square inch « on the « column, and the 


num stress in the extreme fibers. Tf the ‘column 
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rs, 1669 
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yalues, of these imperfections (as some have proposed), to cover, possi 

ed exceptional material or exceptionally bad straightening, a liberal 

s not in any circum- 

e urged further that, 

n with one of the q 
which it confirms 
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uction of\15.to 20% should be allowed to cover 

1ce results lend sup- 
the working stress 
ia] 

4 
vl 
‘as — 
me a small = t part is very 
50, flat. As stress in the 

 @ 

he 
maximum stress ‘would’ be ‘represented’ by the straight line, OF, at s 

degrees. If the column bends, the stress will increase onthe 
: * Proceedings, Am. Soc. C. E., February, 1929, Papers and Discussions, p. 424. 


ex. This is in the heavy curved lines 


he of Equation (82). wi be recognized as the secant formula 
for eccentric loading, the second half is ‘the corresponding expression | = 


“initial curvature. Four are shown. corresponding 0.05, 0.1 


173: 
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representing, according to Moncrieff the “worst experimental. columns, and 


bis * “Columns,” Equation (86), p. 42, “e997 


“The Practical Column Under Central or Eccentric Pranssctions 


‘The last ¢ case is equivalent 0.6, 
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SALMON) 
suitable value for a practical column. — On Deh 


is represented by the light broken lines. | It will be seen that up Oo 


0 


error is only 10.3 


Eu culer’s formula, that is, 


ot likely to be less than 5 5, or : 
much greater. at A series of horizontal lines has been drain on Fig. 41 


for v Ww hich, f = = 30 000 per. sq. it in., 


ue efor the teel used in the experiments, plotted 


sq. that is, cat tk 
aiid if - — = 50, 
These values of — are sufficiently small to pty the (83) 


cor of — will ile. lens than one- half. 


Wee Equation (33) is very. much simpler than the secant formula, or any 
of. “the algebraic | substitutes which have been proposed, ingenious as they 


considered and that, at best, e and ¢’ “must | be probable assumptions, it seems 


to the writer that the much ‘simples equation i is all- sufficient for practical work — 


prov ided always the ratio, , never exceeds 0.5, If it is preferred to treat the 


deviation entirely as an eccentricity, é, and arrange so that the stress shall 
entirely covered by the approximate formula when — 0@ and = =0. 


terol te 6.0 of at 2 Ag pe 


Eq uation (93 A 44, 


are, and in v view of the fact that a possible tin f of 33% must re 


1920.1 
é 
for the va 
0.1, ment is good; and even a 0, tor the greatest value Of > =, | 
yas 5 ~ratio, ——, is the factor of safety in 
against instability, and for ordinary structural columns 
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SALMON. ‘on’ ‘STEEL ‘COLUMN 


‘changed | suit 


+ approximate this: condition), the curves | representing the ‘increase Of stress 
even flatter (see. g. 42), and 4 


i 


ae 


Fig. 42 is plotted differently the base line. represents the ratio, as, before 
amt, in 1 this case is the ordinates to a particular 


th: that. for values of ~ from 0 to 0.5 at least, the bending stress ina fixed- ended 


A column increases slowly 


2 


constant, may be neces, and Equation. (38) “diag 
ee. an for the majority of practical columns Equation (33) can be used with - trig 
h 
— 2 
— 
the 
by 
anc 
BA, 
of 
ig 
relative to the increasing load. Incidently, the writer's 


| 


nded 


‘iter’s 


Bt 
is, made of 


should not not be designed rationelly instead of by Ibivotdd- 
(which at best. are. rough approximations), ‘particularly if were 


made for possible imperfection in the direction- fixing. of che 
‘Turning the Committee’ observations on axially loaded 


_columns,t the writer considers that this is one of the points in which the 


“free- “length” method of treating fixed-en -ended ‘columns. i is apt to be misleading. © 
ns a _fixed- ended 1 column sith) initial curvature,: i if the origin is 


Heed 


ad ot “ae | rate for & 

Pe = — 3) and for with tly 

fixed ends, | k =1. | 

ot 


id Vise a maximum cos 0, or aL=- , and 

= —, and the. maximum shear, V = occurs at the ends of 


“the « This appligs also to all values fof <i because @ cannot be 


a cosec, |, — COS, 


greater than > If. = >.» there will be a point, of duflection in length o of 
the and’ maximum shear will thie, Tts is 


| COSCO, m4 This is shown iy ‘the Fig. 43. purpose 


of plotting this curve, the value of e’ has been taken as = =, that is, sez for init 


“Columns,” Equation (446) 193. 
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an 


the same diagram. | or t een consi ler dire C- 


oints he. grouped about’ the curve, 


will for each, with the data at his. disposal ‘the writer 

‘gikale to make a better estim m te. It is difficult to believe, how ever, that i in a 


practical column the ratio ‘of , can increase as — diminishes, as suggested by 


_ The theoretical shear i ina column intended to be axially Sere. is V = + 


and in columns ‘than in short ones. 


found from the strain-gauge 4 


measurements on on shorter columns, to in the bearings. Grant-— 


this ‘to be the “writer would ‘regard it rather as an experimental 


rror not. likely o cur with the Tiveted, connections _adopted in practice; 


but he would urge ‘that the “American, Railway, Engineering Association 


Os 


id ms ‘experiments lend no support to the suggestion of increased V for small values 

Fig. This comes from the two groups. of experiments q 


‘Map not the of ‘ent freedom resulting from pin and roller 


have led to ‘increase. in. and thus explain, at least in part, the. higher 


— crookednes merican Railway En; 
n, the values of ——'g 
are 
aa 
ced at their ends. yall 
— 
tz 7, co 
dy 
| co 
a in 
| 
— 
: 
a 
@ 


PITH on STEEL 
y the e experiments? | ee irther evidence 


from these questions the writer is rather. doubtful as to “whether 


strain- -gauge measurements on lattice- -bars really give an accurate indication ; 
of. the shear force in columns. ‘The cee obtained a are ‘quite’ variable, and 


they are of service in that they confirm the the. shear is 


ind that for axial loading the usual assumption of from 2 0 23% of th he longi- i an 


The writer is in thorough agreement ¥ with Committee's eet rela- 


Part (1) and Part (aye will lead to just the kind of information iat is laa 


me 


data a carefully conducted series of tests which clarify” many points not 
fully in steal column behavior. Among_ the important 


‘ 


pantograph action ; “the | ‘proper strengths of lattice and 
ing tests, Committee gives an extended review of important column 
tests made in the past. ae aids. much in crystallizing thought as to what 


constitutes the highest efficiency in. column, design and fabrication. 


Among ‘the various. devices discussed, frictionless end- -bearing will 
4 
pe commend itself, to testing experts, It calls to mind the earlier forms of bear-_ 


(calls | eal ms Of bear- 


used b by. ‘Bauschinger, von and Considére,§ with which the more 


Asif 


actual columns i in ‘service are to 


ments in the plane of the truss: without twist. A review of the test data shows | 

hat these bearings fulfilled the intents of the experimenters and were sensitive 

enough to respond to very small - variations in| the intentional eccentricities 


erry in | the tests. The determinations of the frictions at the column ends to a 
order of. magnitude of ‘single percentage seem sufficient. 
‘These findings help to remove 2 one of the chief in column 


investigations—the indetermination existing at the terminals. 


Am. Soc. C. E., February, 1929, ‘Papers ‘and Discussions, 459. 

Prof. of Experimental Eng., Iowa State Coll., Ames, Iowa. | 

. a Discussed by the late J. B. Johnson M Am. Soc. C. E., in the earlier editions of his 
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in construction. 

architectural and mill engineers ic of 
columns 1 with. extreme, eccentricities, as for example, the, columns ‘used to 
‘support the light. crane runways of. machine shops. The. gpecimens tested i in 
oblique loadings showed), the irregular, and) discontinuous. kind of | failures 


expected in the. ¢ case of batten-plate and Jattice- ‘bar constructions, in /some 


Instances; in. others, they, showed the familiar reverse, curves | ifen-elastio; 


experienced when latticed columns are tested transversely. “This shows 


one type of inefficiency, among the many others, which | oceurs in lattice- bar 


constructions. The methods of using bubble levels ‘commends ‘itself. in meas- 
_ uring t the slopes of the elastic lines, for columns in service: that, are, tested 


in conformity with. Manderla’ analysis for secondary. stresses. This. method 
has. been used in) ‘Germany to some extent and should, be accorded a, wider — 


usage because it t gives a direct measurement of the in curvature 
which i is the cause of the strain “usually | determined by’ ‘extensometers 


apparatus | used for' obtaining ‘the ‘stresses in’ lattice bars, which are 


f treated as small columns individually, appears to secure results that simulate 
in behavior (althou gh in a magnified form )' the type of strain which will 


actually take in the ‘column. Tti is easily ‘and applied t the 


ansverse than the lattice bar type with its many anomal ies and 


as possible, so that the material ‘supplied. for ‘the’ ‘purpose may be 


once a device is used, however unsatisfactory, it tends to persist by ak ind a 


inertia and is very | difficult to displace however conscious most engineers may 


of the humerous ‘defects, such’ as ‘those i in lattice construction. “ay b 


analyses submitted and the remarks pertaining he 


haviors of columns exposed to strain are usually of : mo yst 


The question naturally arises, in the light of what. “has been reported by the 
Committee, as what hes ‘most, approved form of column equation? 


Furthermore, does the formula actually check ‘with, the test results? — Is the 
formula completely determinate and what. details: best. ‘realize integral be- 


havior? ‘The apparently, inclined to. the opinion that the 


well- known secant formula is the most useful determinate when. the 


necessary data obtainable. ‘This shown quite clearly, in 
H-sections, the ‘agreement between calculations and tests being all that could — 


ome bridge columns. of alloy reported by. the. Bureau. of 
-Standards.* When the results were interpreted accordi 
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sted by Henty 8. Prichard, M. Soe. CE, Dr. ¢ 


The large columms tested followed the. secant law until the. pin: -plates 


plane of the column ceased to rotate about its — 


joint closed because the became: practically constant,: the 
s occasioned by the 


been ‘availabe: The reason that the stress-strain in such 
sli slightly curved ‘instead of being straight is because: the 

mathematical rotation about the outer edge is, in “fact, iwi ‘rocking which ‘is 
caused “by the line contact becoming blunted under ‘the. column 
pressure: resulting in a slight changing of the eccentricity taking place under 


secant column in the writer’ opintion, the consum- 


ing the secant expression, ‘it shows, by a a term- to- -term comparison 
_ appropriate terms of | higher order), the degree of rationality that attaches to 


* eg various short formulas ‘that have been: suggested, namely, ‘the short-e olumn 
formula, the J ohnson n “straight- -line” formula, the’ parabolic formula, 


limiting the well- known Euler expression for very slender columns. 


formula cannot ‘be thus included it is an easy” matter to. 


as was once by Dr. R. ‘Olshausen i ‘in ‘at ro 
time» of ‘tests of ‘the large bridge columns previously mentioned, such” an 
extension: would represent ‘the Bernouilli- -Euler elastic line analysis” ‘to pe 
. fection. | It would include all. the other shorter formulas based on the elastic 


line analysis to the extent in which these short formulas are admissible as 
logical | derivations according to ‘the law of expressing the bending moment 
as a funetion of ‘the curvature, It would serve as the norm of ‘comparison 


for elastic line column analyses as fast as careful’ analyses were presented. lod 


its ‘summary: the Committee re-affirms “the opinion, advanced from 


re time to time in earlier papers, that the tensile elastic limits of test specimens 


give: “the criteria’ for determining the compression strengths for columns’ of 


moderate slenderness ratios: This rule was followed with satisfactory results. 


Ei by most of the ‘consulting engineers, who observed the Bureau of Standards” 
tests; in their estimates of the strengths Ww Not. merely the elastic limits and 
yield. stresses, but the maximum and ultimate stresses, are really conditioned 


‘the rates of loading; therefore, the time factor should enter column 


nalyses as a parameter. In “making calculations of the stresses and s strains 


n n test : pieces, the speed of the straining heads on the testing machine (from 


0. 05 in. to 12 in. per min.) should be taken into. account. The strength of a 
column, under. test is likewise affected by. the speed of the straining head. The 
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“Summary: of Results” all attention 
to. ng ‘integr al action in the column and an appropriate 


of stresses as the result: of the presence of | lattice- -bars s. As t the 
bar systems shorten under pressure | re caused by pantograph action, they force 


the column ribs to. deflect laterally, which. is a behavior not contemplated in 
‘efficient | design. List To be sure the intermediate bars in introduced by the late 


C. Cartlidge, M. Am. ‘Soe. on the test columns for. the Metropolis 
Bridge,t eliminated this entirely ‘and did ‘much to insure ‘integral action. 


Nev ertheless, there are compressions introduced in the lattice- bars, as men- 
Committee, together with unsatisfactory secondary stresses and 
oe alternating actions under stress, that cannot very well be avoided. 43 Since the 

believes. that lattice- ce-bars appear to have disadvantages 


advantages,$ it is pertinent to why they sh should ‘be retained in column 
construction. ‘Mr. James E. Howard once showed || that, under normal condi- 
tions they serve no function in taking stress. 


vit would ‘seem ‘to the writer. that lattice- ‘bars their evils 


may be easily. omitted altogether : (1) By the use of transverse diaphragms or 
cross: braces spaced at intervals equal to about | twice the depth of the member ; 
(2) by a suitable reinforcement of. ‘the rib flanges ‘in the. plane of the 
a “truss, not only to maintain a properly balanced section. about the column 
centroid but also 1 to carry any | shear "normal | to this plane. On the side of 
column where the lattice- bars are to be replaced there should be trans. 
verse strut of the type used by Mr. Cartlidget between lattice panels in main- 


7 
taining, the integral behavior of the column. Such transverse 


and struts would effectively stiffen the column and | reinforce it against the 
possibilities of twisting. would insur 0 nner 
evidently intended by late Mr. Cartlidge, thoroughly holding the open 
face. flanges i in line. The construction would be freer of access ——— 


and painting and the diaphragms: could be made ample to. carry any normal 
shear, such as that due to heavy wind pressure. — There would be none of the 


anomalous behaviors that are now encountered i in the case of lattice- -bars. 
Extra longitudinal ribs" or di aphragms could be added if desirable. While 


the diaphragms ns would introduce a greater efficiency of. writer 
the cost of construction ¥ vould be less. fo >, 10. 


arg The. two suggestions under | the paragraph “ ‘Suggestions Relative to Future 


Work” are very pertinent. It is very important. to insure a continuity of 
action within the steel as well as in the components and details. ils. Since, on } 
large a alloy- steel columns previously mentioned, all ‘the pin plates slipped 


there was evidence of considerable mechanical hysteresis, it might be 
well to consider the possibility of welding the pin plates. and other component 


parts in addition. to the riveting of columns. In n the best class of work, the 

present riveting and reaming practice should be continued to insure continuity 

mass and unity. of behavior. ‘The costs and labor saved by. the. 0: omission of lattice- 


* Proceedings, Am Boo. C. E., February, 1929, Papers Discussions, p. 458. 


Technologic Paper No. 101, U. S. Bureau of Standards. _ 
§ Proceedings, ‘Am. Soc. C. 1929 and Discussions, p. 459, 
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ete., could be’ avplied 
Moreover, it it is a maxim in th the science of dynamics, first cinta by Kele in* 


and later re-affirmed by Lamb, * that the irrotational motion of a a liquid, wi thin 
a region having a single boundary, is is accompanied by the storing 


energy consistent with the same normal ‘motion of boundary. 


Fast-F 


the: close y “structures with the fewest stuth 
component parts are not only the most efficient carriers of 


ess, but that they vare the mo st economical construct. This fact is 


‘The’ writer believes! that the time has come when ‘the elastic line ansilysis 

columns may be very favorably superseded by so- called “field 


_ metho ods”. When ‘structures are, composed of me mbers t hat are “ truvik: line” 
rriers of ot stress, without a multiplicity of s small statically indeterminate 
; 


“members, it it is easy to ‘determine the types of fields by. means of the method 
‘much. used’ and well illustrated by + 
“specimen faces: into’ fields of small which, , by their 


distortions under strain, , showed the types of strain occurring: in the pieces. 
In like manner the faces of the column ribs and diaphragms may be similarly 


_ divided into small ‘squares or rectangles. In fact, this was done to some extent | 


on the alloy- steel columns tested by the U. S. Bureau of Standards, but il 
relative inelastic displacements under stress largely rendered the efforts in- 


operative, causing large sets and hysteresis. ‘proves the theorem | 


the surface displacenients of the ‘surface tractions are measurable, the 


The proposed method is one w hich readily adapts itself to ‘the 


i measurements = extensively by A. H. F uller, H. C. Berry, George E. Beggs, 


Members, Am. Soe. C. and Professor H. L. Whittemore. The displacement 
"functions, the components of which (measured ‘in the direction of the co- 


ordinate AXeS, SAY, Ys and Dy are usually designated as u, v, and “may be 
fo und by summing the respective -elongations of the small squares, , for 


xample, of sides 8 or 10 in, . long. The strains, expressed as 


— aud are found by the surfaces: 


the stresses expressed a as | functions of the p position variables, x, 4 2 


Pets 
to a suitable origin on on the column faces. Numerous of ‘procedure 


are given ‘Love§ and by | rescott|| in manner more suitable for the use 


fi, of engineers. — Attention is called to interesting plats of the surfaces obtained We 
methods: herein proposed on a celluloid model the Steven 


“Theory of Edition, p. 167. ic wi 


August, 1929.] { STEEL COLUMN RESEARCH 
_ 
— 
the 
all 
ils § 
or 
er; 
mn 
of 
ms 
ner 
en 
_ | 
ion 
nal — 
the 
ile § 
ter — 
v4 
are 
of (x,y,z); v =v @, y, 2); and w = w (a, y, z). Having found the 
on 
ped 
— 
ent — 
the 
‘ity 


‘EEL COLUMN RE! 

Oreck by Professor’ Beges* 


n n his analyses of the ‘same arch dam. 
The column analyses may be simplified if the stress equations. are suggested 
y the secant. type) of formula » or by Manderla’ s extension of the elastic line 


as applied to “trusses, the ‘latter! affording the cue to the class 
functions desired. The writer has. these results: 


bye eliminating strain dn in the manner discussed. "Moteover, 
one, need consider the first-order ‘strains of the. theory. of “elasticity in 

- deriving the e surfaces.§ The addition of : many small members. will, of course, 
render such methods practically prohibitive by complication of the p pr ocesses. ; 


|. Proceedings, Am. Soc. C, E., May, 1928, Pt. 3, TO. 

; aie § See treatment of simple surtaées by writer in ietmatteasiiie ot Pit- bee. Aggregates for 
Le Concrete,” Engineering News-Record, March 10, 1927, p. 399; also, in “Pressures under Sub- 
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Agr t This Society is not responsible for any statement made or opinion expressed . 


FINAL REPORT OF THE § SPECIAL COMMITTEE | ON 
ig) IMPACT, IN HIGHWAY, BRIDGES 


LLEWELLYN: ‘Epwarps,t M. Am. Soo. . (by \letter). This report 
‘ contains instructive and valuable information. However, it ‘seems unfortunate 
that: the research tests and the data’ secured therefrom, which. have been 


studied by the Committee, did not cover a wider range of highway bridge 


_ types, ‘span lengths, and conditions of loading. A large proportion. of American 
highway bridges. are short-s -span. n_ structures, or, are composed m 


short length. Incidentally, a a 


“of either the or the T- beam type. In reinforced 
are used for spans varying from 2 ft. to 20. ft. in length and T-beams fro 


to 45 ft., with secasional structures ranging up to 60. ft. » in length. 
The reinforced throne girder type of superstructure is. used. toa 
that « can be to > apply, to! these structures. 
eres mentioned in the report that, apart. from the physical irregularities me 


i involved in roadway floor surfaces, the design of the structure itself was 
to be a factor involved in the determination of “impact stresses. From 


hes ‘been foreed to recognize that not only the. 
sections of ‘the ‘main members. bridges, but also 


= * Discussion of the Final Report of the Special ‘Commi tt ; g 
Senior Highway Bridge Engr., U. 8S. Bureau of ‘Public ‘Fort Worth Tex. 

t Received by the Secretary, April 22,1929. iM 


§ Proceedings Am. Soc. C. E.,. March, 1929, Papers and Discussions, D. 740. 
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individual members, is of paramount importance in the service functioning 

pigs 


ifferent types of bridge 


minder it seems e impact. allowances ‘upon 


with wheels of a kind likely, 


oe ‘nor can they MATE that the materials” or the methods of construction 


ised will produce structures of an assumed good practice standard, or better. 
Irregularities in ‘the surfaces of bridge roadways may result from poor wor 

manship_ incidental ‘to. their original construction, but there are perhaps 


ore instances wherein failures. of the surface resulting from traffic wear and 7 


tear have produced real obstructions to vehicle movement equal in magnitude 


: and In many cases greater ‘than the | 1 in. by 2- -in. obstruction ‘used in the . 
ae bridge impact test t. However, apart from these conditions, it is fairly common, 


h in areas where small stones and pebbles abound, to find these precisa 


for example, “heavy road 


ung 


ollers, “and other “heavy is g 
bad f ‘actor involved. In general, ‘the speed rate of movement of r these lo loadin gs 


of the latter class is ‘comparatively slow, but frequently the loads are moved 


iby truck traction rather than’ by their own power and in such eases speed 


| 25% of the live load stress”, tee ‘sugpalte: that this ‘percentage should be 
oa cad when the floors are sufficiently smooth to. conform to good modern 


The designer can have “no way of knowing just what will be = 


the “roadway surface produced oF the bridge’ for which he, 
perhaps, ‘does not even prepare 1 the’ construction detail plans. tt Gb of he Te 

curves shown ‘in Fig. of the perhaps misleading in 
rela 
since this formula ‘applies to all span instead of only 
o those having ‘effective lengths of 50 ft. and more. In speculations ‘and 
; meditations upon this problem of impact the writer has held rather’ rigidly to 
the that,” in bridge structures, length of ‘span—as factor tending 

. to provide a means of ‘diffusing, ‘distributing, ‘and absorbing its ‘dynamic 
 effeets—is an element to be considered. | With this idea in mind he has : as- 7 
sumed, n aturally enough, the fundamental condition to be that of the 
impact ‘effect of traffic | on a pavement. applying | prac tically without diminu- 
tion to bridges of short s span—in the culvert class—wherein the superstructure 
is: commonly either built: ‘monolithically with the substructure, or is. very 


& rigidly s supported thereon. ‘This see seems to be a logical assumption and is quite, f 


Sours 


evidently the. basis” of the formula promulgated the Joint. Committee. 
Am. Soc. C. E., 1929, "Papers and Discussions, p. 732, 0 


= |. 1682 EDWARDS ON IMPACT IN HIGHWAY BRIDGES EPapers, Au 
structures and their details of construction fanction In 
— 
ob 
— 
to 
0 
nm 
effort is evidently produced by the unsprung 
— 
wit 
— 
— 
- 
— 
— 
a 
— 
— 
— 
4 


August, 1 1929. 


Incidentally, the initial 40¢ 
seems to be justified by the tests. 


io1 Bureau Roads, t 
1ade with the object of co- the results secured by. the “use e of 


impact machine with results ‘obtained by using motor trucks: ‘developed a 
condition which may be regarded | as pertinent to the question under dis- 
cussion, since they show a relation between rate | of speed and height of 


obstruction, its” equivalent inv irregularities of roadway surface 


‘comparative tests show that, in general, the» rariations in “impact reactions 


resulting from speeds varying from 4 to 12 miles ] per hour are : practically equal 
0 the variations resulting from obstructions ranging in height from 0. 33 in. 


to 1. 38 in. in. to 18 in.). 


The impact test results studied by the Commitee inde 


not yet been by actual research and a of the 
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clive ON FEDERAL | RRIGATION PROJECTS 


‘By ‘Rosert A. Monroe Ivan. E. 


+M 


A. Moxros,t M Am. Soo. E. letter). t—This paper should 

ce be very useful to engineers eugugei'’ in irrigation work since it presents s reliable 


Reclamation Projects’ are under one ‘central is 
to have systematic and complete records kept, and the data presented can be Bs 
accepted unquestionably as accurate and dependable. 
te Only t two of these projects are located in California: The Klamath Project 
which lies on the boundary between Oregon and California, a and the Orland — 
Project at the upper end of the Sacramento Valley. A great ne ; 


é 


data’ along: the same lines as ‘that presented by Mr. . Debler have been ‘collected ! 
the State of California and are available in published form. tites atts 
Company with which the writer is supplies irrigation water 


ste 


to a arge ted of land in Placer’ County, California, and while complete 


statiatioal data, ‘such as are presented by Mr. Debler, are not available, it is 
thought that the following information will be of value in ‘indicating the duty ry 
of water in this it now ont afatut > 


The area irrigated lies at ‘an elevation | of: from 300 tol 500 ft. and is in 
g Fs rolling foothills in a fan-shaped section of land lying between the Amer- 


“Sesh *This discussion (of the paper by E. B. Debler, M. Am. Soc. C. E., published in 
March, 1929, Proceedings, but not presented at any meeting of the Society), is printed in 
Proceedings in order that the views expressed may be brought before all members for further 


t Asst. Chf., Div. of Civ. Eng., igs Pacific Gas * Electric Co., San Francisco, Calif. Pent 
$ Received. by the Secretary, May 7,1929. 


: -§ Bulletin No. 6 issued by the Department of Public Works, Division of Engineering 
and Irrigation, entitled “Irrigation. Requirements of California Lands’’, being Appendix Bo a 
hr Report to the Legislature of 1923 on the Water Resources of California, contains much CS 
information pertaining to the duty of water, and Bulletin No. 8, entitled “Cost of Water to ; 
 Irrigators in California’, by Harry F. Blaney, Assoc. M. Am. Soc. C. E., issued by the | 
Department of Public Works, Division of Engineering and Irrigation in \1925, data 
- showing the cost, of irrigation for nearly every irrigation system of the State. 
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oS ican and Bear Rivers. re The crops raised consist almost entirely of deciduou FF 


f : it has been estimated that 99% of the net area irrigated is 8 covered by 
chards. The soil can be classified as largely granitic in origin. | 


_ The ws water supply system was originally developed for h hydraulic mining 
operations which were formerly extensive in ‘region. After” the 


“ mines were closed the water was” naturally diverted to irrigation ‘use, and 
x with the advent of hydro-electric development between 1 1890 and 15 1900 several | 
small plants were constructed to utilize the flow through such head as could | 


be developed ‘cheaply en route. In recent years both “storage ‘and conduit 
capacity have been greatly in increased ; ‘there is now a sustained water supply 


of approximately 350 sec-ft. , which is first used for power through a chain of 

plants 1 under a total head of 3700 ft., and finally becomes: available tayo 

tion use at the tail-race of the lowest plant. 1 AOI MO eas 
The is 8 located high in Poe where there is total of more 


reservoirs. are also. 23 


The gross area that lies under the ditch system approximates 85 000. a 
The area actually irrigated has: shown a steady annual ‘inerease_ from 


. No record is available 


as ‘to the actual quantity water ‘used “each as consumer contracts. 
- for a certain number of inches for the season and rotates it on his land as he ~ 


sees fit. _ Frequently, several owners who take water from a Anomsnast! lateral 
will combine to rotate the water on their r holdings. > bas yoaqu odd jn jgetor'! 


a ‘hoy Ekin duty of water i is well established and the contracted delivery i is. almost 


i. generally estimated on the basis of 1 miner’ ’s in. of water (0. 025 sec-ft.) to 


= 

purposes are made to the consumers a during five months of 


ie 5 acres of land, which for uniform flow i Wis: 0.3 2 acre- ft. per acre per 1 month, or 1.5 5 ; 
‘The price which the Company receives for 


“this 846.0 per miner’s in. per season of. 5 months, which makes the 

oe cost of water $9 per acre per year, or $6 per | acre~ -ft. _ No charge is’ made for 

water furnished during the non- irrigation season and most of the canals are 

kept i in service the entire year to deliver the small aqugntity, of water necessary 


domestic to ab allidtoot uniflor orl dt 


‘The conduit loss was. formerly about 45%, but thie has been reduced 
“Fecent years” due to extensive concrete lining and plastering of sections of 


canals and replacement, of wooden flumes with metal ; for 1928 this loss. was 


ett The water ‘supply to date has been ample to. ‘supply the area irrigated » No 
curtailment having been necessary even in years of extreme drought such 
occurred i in 1924, and in most years substantial quantity is by-passed irito. 
‘American River. This volume of spill is decreasing as 


at ¥ 1297 


trrigated area increases, it seems that the water n 
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stantially supply all irrigable_ area which is immediately tributary. ‘the 


to ont mt a to; sits 


E. Hovk,* M. Aa t. Soo. E. (by letter). +—Comprehensive data 


on the of irrigation water are needed by all engineers engaged on the 


design or "investigation ‘of irrigation systems. ae the detailed informa- 


tion presented ‘80 concisely in in this paper, will be‘a valuable ‘aid to all practicing 


tet ties 


ids 5 The data regarding irrigated areas, miles of canals operated, soil condi- 


monthly deliveries, character of crops, canal ‘losses, ete., included in 


Tables 1 to 25,4 have a pertinent value in showing the conditions under — 

which irrigation is conducted on the various widely scattered projects. How- 

ever, the most valu able data the tables are the total depths 


water delivered to the farms plus the depths of rainfall during the growing - fod 


season. - Reference to Table 25 shows that with the exception of the Umatilla — 
Peojéct: Oregon, the Uncompahgre Project, of Colorado, and 
Mill Il Project, Idaho, average quantities delivered, 


att): 


season precipitation, 1 vary from a minimum of 1.56 ft. on ‘the Milk River 
Project, of Montana, to 4,09 ft. on the Grand Valley Project, of Colorado. 
te he corresponding quantities dor the Unatilla, Uncompahgre, and King Hill i 


y Projects are 5.37, 6.31, and 7.36 ft., respectively. _ The latter values are rela- 
tively high because of the sand and ‘gravelly soils and excessive waste if 
a 


‘The total depths « of precipitation during the growing season y 


e not very great as compared w with | those « of irrigation water delivered to a) 


farms | plus the depths of growing season precipitation. These quantities may 

be referred to as | “total depths ‘of water applied | to the farms” or simply 
“total depths applied”. average values of growing season _ precipitation 

recorded in Table 25 are usually less than one- ne-third the total depths applied pene 
the only two exceptions ‘being the Belle Fourche Project, of South Dakota 
wher the growing season ‘precipitation amounts to approximately 41% of 
‘the ie total depth applied, and the Milk River Project, of Montana, where i 
amounts about 58% of the total depth applied. actual depths | of 

a rainfall during the growing season vary from an average of 0.1 16 ft. on ‘the 

i. "Tieton Division of the Y akima Project, Washington, to an‘ average of 0.91 ft. 


j The total depths. of water applied to the ; farms would be expected to vary, 


ina general. way, with the length of the growing season, although, of course, 


‘no mathematically definite relation could be anticipated because of variations 
in soil conditions, character of crops, elevation of project lands, mean annual 


temperature, and other ‘meteorological conditions, all of which are ‘interrelated 


in a more or Tess complex manner. Tn Fig. 2 the total depths of water applie 7 


are plotted as abscissas 3 against t the lengths of the growing seasons as ordinates, 


¢ the lengths of the growing seasons being taken the same as in Tables 1 to 25 
Although the /p lotted points ‘are somewhat | scatter ed, as would be expected, ‘3 


Research Engr., U. S. Bureau of Reclamation, Denver, Colo. 
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increase in total depth: applied with ‘an inerease 


length of growing the « case of projects w where ‘the length 
the growing ‘season nths, In the case ithe” 
‘Mexico, where the length of the 

: and in that. of the ‘Yuma. Project, of Arizona 

and California, = it is twelve. months, the increased length of growing 


season does not require an increased application of water... Apparently, there 


are two reasons for this: First, a reduction i in the quantities ap water delivered 


tot the f farms during the winter months, | when the meteorological conditions | 


are relatively less favorable for plant growth than during ‘the other months of i 


year; and, gecond, a reduction. in the quantities delivered during 


of the summer months, due to a period of dormancy in plant growth caused 


by the existence of. ‘unusually high temperatures. Of, course, the, points 
-Tepresenting the total depths. ap plied on the Umatilla, ‘Uncom mpahgre, and. King 
By Projects, where waste e of water and return, flow are excessive, fall : at the 


right of the ‘diagram, some distance, from the the 
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Total Depth of Water Applied,in Feet 
Fic. 2. —RELATION or AVERAGE DELIVERY OF IRRIGATION WATER, PLUS RAINFALL, TO LENGTH 


» senanod, bolaai: ri -od gtinteh srasdian 
uth question that ; naturally arises in considering. Fig. 2 is as to what propor- 


_ The same 
that affect. the depths of irrigation water "delivered to ‘the farms affect 


the depths of consumptive use, although not necessarily in the. same degree. 


y For instance, the mechanical texture of the ‘soil which is - probably, the most 


bk 


important factor as regards « quantity r of water delivered, assuming an unlimited 


upply, has relatively little affect on consumptive _use, other things being 


‘eval accurate information regarding. depths of. consumptive. use were 


and if, the values. were plotted on Fig 
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representing 


tae 


to tal. depths applied, the on definition ‘adopted. 
for consumptive use. consumptive is defined od as sum of plant 
tr ranspiration and soil evaporation during the ¢ growing : season, aa consumptive 
# use points would necessarily fall at the left of those: representing total depths 
bie pplied , since” some ‘return flow undoubtedly « occurs on all projects. : “However, 
consumptive use is defined the sum of plant tiinspiration ‘and’ soil 
during the entire year, as would appear to be more reasonable, 


is ‘some the consumptive use points might fall 


fo 
#29 


epth applied during tha. growing determining’ ‘the “consumptive 
ch would be 
In either case the. writer would expect the consumptive ‘use points 


more consistently grouped, ‘than the points: representing total depths applied, 
ade. for variations ‘soil 


applied, as given in Table 25, aye leaving out of consideration the three ag 
projects on ¥ Ww which total deliveries are extessive, ‘2 gives total yearly depths applied fe 


an average of 4. 57 ft. on the Orland Project, Calitorsia, . These values would 


consumptive use “and ‘the return flow, assuming the 


be, the ‘sums ‘of ‘the 
‘stora to render ed “negligible ‘through the 


variations in _ground- water storage 


consumptive use required ‘for. the. y 


In regard ‘the depths: of 
growth of ‘crops, the writer believes that much ‘useful information can’ be 
obtained by a study ‘of rainfall and run-off reedrds in Central and Eastern 


‘United States.* * ‘There are appreciable’ differences between n the Central 
Eastern  secti ions of ‘the country, and. ‘the ‘Western’ irrigation’ projects, as, 
egards some’ of the mitecrological conditions which affect plant ‘growth, 
particularly relative: humidity and | ‘percentage of ‘Aotdiness, not to mention 
rainfall which, of course, is more or less equalized by the delivery of irrigation | 
water. ‘However, it is not believed that the: total depths of water required — 
raise the -erop ‘materially’ different the two sections the 
Experiments on the water. requirements of plants by Montgomery 
and Kiesselbach; Heinrich, and “Sorauer, referred ‘to by Messrs. Lyman: J. 
Briggs and Hi. iL. Shantz, showed that the quantity. of water used. pound 
of dry matter produced was greater in the dryer atmosphere. a ‘However, they 
showed that the number of pounds, of dry matter produced was, greater 


in the humid , atmospheres, so that the, total quantities of, water used 
nots so greatly different. Cloudiness seems to reduce the rate. of : 


“Evaporation on United States, Reclamation Projects,” by, Ivan, 

BL, Transactions, Am. Soc. C, E. 90 (June, 1927), p. 371. on 

Requirements of Plants, by Lyman J. Briggs and ‘Shantz, Butletin 

Bureau of Plant I dustry, S. Dept. of 1913. 
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boil tie Including interception, evaporation from soil and water surfaces, and plant transpiration. 


able 26 gives some noe on depths of annual consumptive use in the 


Valley y of Southwestern | Ohio, for ‘the five years from 1915 to 1919, 


5 


inclusive, compiled from one of ‘the Technical of the Miami Conser v- 


in ‘the table are: 


by ¢ cities, tow buildings, | reservoirs, ete. 


of the vs 


each year ing consist primarily of corn, tye, oats, barley, 

ve and tobacco. The -acreages of three classes crops" considered in the 

author’s: Tables ry to 25 are approximately equal and are, therefore, about 
= the same as on the North Platte Project, of Wyoming and Nebraska, The 
topography of the Miami Valley may be described as gently rolling with 

% ‘the ground elevations of the uplands varying from about 800 ft. above: mean 


sea level near the mouth of the river to about 1100 ft. near the head- waters. 
. The slopes” are comparatively flat “near the head- waters but “they increabe 
Tess! gradually toward the southwest, being comparatively abrupt near 


‘the Ohio River. The n mean annual temperature of the valley i is approxim ately 


53° F ‘ahr., the mean annual rélative ‘humidity about 67%, the mean annual 


rainfall ‘about in., , the mean annual run- -off about one-third ‘the ‘rainfall, 


“Rainfall and Run-off in the Miami ‘Ivan Houk, M, Am. Soe. CG. E. q 
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an th ‘me annual eva oration, or consum tive use, tw 

i ona mean annual evapora mptive 

and run-off Ww ere compiled for yeqrs 

grot and is least “variable, Average gently totale for the different 

4 Diflorences between the yearly ‘rainfall and Tun- off totals, heretofore 
termed ‘evaporation”’, but which ae really consumptive use values, are given 
in ‘Table 26 for each of th the five years 1 mentioned. 4 The drainage areas i 
the table are arranged according to location, beginning at the upper 
of ‘the valley. drainage area of 3672. ‘sq. miles: above Hamilton, the last 


station in the table. and tl the one farthest down stream, for which “rainfall 
and run-off data compiled, includes all the other drainage areas listed 


in Table 26. Consequently, the values of. average rainfall, run-off, and con 
- sumptive use for Hamilton are r really averages” 7 the other: stations | in 


the table. For this reason no final li 
included. However, a final column of a av erage use for the 


five years of record has been added. Afbraty, tet. as: 


The average values of consumptive use are seen to vary from a 


: alt 1.68 ft. on n the Seven-Mile Creek drainage area to a maximum of 2.32 ft. 


~ on the Buck Creek drainage area, averaging ‘ 2.18 ft. for the entire valley ak above 
Hamilton. Values for single years” vary through slightly greater ranges, but 
least a part of the ‘yearly variations are undoubtedly due to. variations in 


 ground- water storage, a factor which is believed to be negligible as far as 
5-year averages are concerned. consumptive use values include plan 


"transpiration, soil ev aporation, interception losses, and evaporation from river, ay 


lake, and reservoir surfaces, all but the first two being of n minor 
Since the data were compiled for the yearly periods, they include ev aporation — 


‘ from: soll, snow, surfaces during the winter months, quantities which 


E. ‘Horton, m. 


sonal interception losses on a an average ‘Michigan farm were equivalent 
an average depth of 1 in. of ‘rainfall over: the entire, farm, which | would 


correspond to about: 4% of f the average “consumptive use above Hamilton. 


is interesting to note that the 5- “year average consumptive use of 2.13 ft. 
for: the drainage heer above Hamilton, ‘is not greatly different from the 9- year a 


average of 2.06 ft. r the same area; also, that ‘the year average of 


«2.10 ft . for the didinags area above Dayton, Ohio, i is “exactly the same as — 
25- “year average for the same area. + ‘These comparisons of the 5 5- year av verages 


fears * “Hydrology of the Great Lakes, ” by R. E. Sento. 3 M. Am. ‘Soc. C. E., in collaboration 
with C. E. Grunsky, Past-President. Am. Soc. C. E., Rept. of Engineering Board of Review o 
he ‘Sanitary District of Chicago, 1927, Pt. ‘Ait, Appendix II, 46. 


4 cit., pp. 140 
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FAYETTE SAMUEL CURTIS, Past- President, Am. Soe. Ee 


Fayette Samuel. Curtis sprang from early American. stock. Henry Curtis, 


his paternal ancestor, came from England in 1635, settling, first. at, Watertown 
and.then, at Sudbury, his mother’s family also were settlers. of 


ayette the son of. Allen. and Catherine (Steel) Curtis, was 


born on December 16, 1843, at. Owego, N.. Y.,. and lived. there the first, twenty Pa 
years of his life, attending the district school until he was 3 twelve, then n private a 


school for two more years, and, finally, Owego | Academy, a where he received 
special instruction ino Civil Engineering. we woh, edt 


Finishing with Owego. Academy i in 1863, Mr. Curtis was employed on 
~ location and construction of a line for the Albany and Susquehanna: Railroad 


Company between Binghamton and Albany, first as Rodman, and then 


7 in 1864, as Transitman. ‘Two years later, he went with the Southern Central 


- = 


‘Railroad Company on its line: from. ‘Owego to Auburn, N. Y., serving as Level- 


during the location, and then, with. the of construction, 


Assistant to the I Resident Engineer. On the. completion of this he 
 gaecepted. a position as Transitman with the Lake Ontario Shore. ‘Railroad 
Company on location between Oswego and Charlotte,.in New York State. 
} ;  In:the ‘spring: of 1869, as Assistant to the late George S. Greene, Jr., M. Am. 
s Soe. C. E., young Curtis ‘was employed o on surveys i in the Towns « of Morrisania, a 
remont, and, Fordham, now parts of Greater New York, which surveys have 
since se served as the base of much of the later mapping in The Bronx. : 
oe two years ¢ of this work, in April, 187 1, he returned to the railroads, as Assistant: 
‘Engineer, under the late I. C. Buckhout, M. Am. Soe... E. on. the New 
York and Harlem: Railroad, and six months later, on October 1, he became 


Principal Assistant first on the location. of the tracks at ‘the old 


{ 


P 
— 


4 “ety On the retirement. of Mr. Buckhout in 1874, Mr. Curtis became. Chie: chi 
me Engineer of the Harlem Railroad Company and Superintending Engineer of 
the Fourth Avenue Ir Improvement, continuing in the service of the former 

Company until the completion of its line. The Harlem Railroad, about this 
‘time, was leased to the New York Central and Hudson River Railroad: Com 
q pany, and while Mr. O . Curtis was still acting as | Engineer for the Harlem Lines, Tt 


the grain elevators, yards, docks, : piers, sheds, and warehouses on the Hudson 
River, between’ Fifty-ninth and Seventy- second and 


Memoir by Clarence Blakeslee; M. Am. Soe. C. E., assisted by BH. J. Beugler, ly. 
C. C. Blwell, Edward Gagel, H. C. Keith, H. L. Hivley, Henry B. Seaman, Paul Sterling, and — 
Wiggin, Members, 4 Am. Soc. ort 
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December 1, 1882, Mr. Curtis was called to the New York, New Haven, i 
gnd | tford Railroad Company. as Chief Engineer, with headquarters 


President or the Board of Directors, his headquarters being | at Boston, Mass. 


aes As s of J une 1, 1908, his duties were more specifically set out as follows: 
“General supervision of the Engineering Department and construction, includ- 


ing r the Electrical Department, i except operation, also maintenance of way, and 


p construction: and maintenance of buildings and signals, except the operation 


of remained ‘unchanged when, on November 14, 


Curtis” was Second Viee- President, with headquarters at 

Boston, also when's a year later, he was transferred to New Haven. As 

October 1, 1905, however, he returned to Boston, to the President 
with full authority in all matters 1 requiring his attention” fi and remained ‘in 
= this position for ‘two years. On April 1, 1907, he resigned the Vice-Presidency 
oof t the New York, New Haven, and Hartford Railroad Company to accept the 
 Pwesidency of the Old ‘Colony Railroad ‘Company, which latter “position, 
aa together with those of President of the Union Freight Railroad Company, of — 
‘ may Boston, and Chairman of the Boston Terminal Company, he held at the time 


his death. shat ure od (tot tal 


/ on Company very largely through the influence of “Mr. ‘Charles P. Clark, then 


i portation system for Southern New England, and who correctly appraised a 
worth of Mr. Curtis as an assistant in the development. _ The latter had but 
just come ‘to the property, however, when Mr. Clark accepted a position with 
ae: the New England Railroad Company and the next four years in the e engineer- a 


‘ing affairs” of the New Y ork, New Haven, and Hartford Railroad ‘Company 


were marked merely by consistent rather than by extensive improvements. 
temple the spring of 1887, however, Mr. Clark returned to the New Y ork, New 
re ‘Haven; and Hartford Railroad Company, as President, and immediately began 
+6 build up and to expand the | property. In this work “Mr. Curtis played 


‘most important part as one of the group of trusted lieutenants who served no 


endorsement ona letter in the office files of the Company. President Clark 


who returned it with the note: do not ask 

nd Hartford ‘the: line had double: from ‘New York 


to Springfield, ‘Mass., approximately 123° miles, and single track the 


‘total single- track equivalent being but a little more- than 400 This 
was laid with ( 60-lb., or lighter, rail, “most of the latter being i iron 


N 
of its highway | crossings were at grade, and in the year 


ana had moved 117 000 000 ton- miles of freight.) 


tah By 1907, the line from New York to New Haven had been completely four- 
tracked, as had that p art of the 'Provid ence Division from 


ec ai 


; Second Vice- President; who already had well in mind plans for ‘a unified trans- a 


¢ 


pre 


a first at New York, and later at New Haven, Conn. This position he held J 
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that at the of 1907, assignment to ‘Boston 
4 as “representative. of the: President, with full authority i in all matters adel 
“his » made it to relieve him of ‘control of 


of line four-tracked 6512 more, ‘double- largely laid 


100- Ib. rail on stone ballast. The ‘section of this rail was designed by } Mr. Ourti 


in 1898, its height of 6 in., , with a 6-in. base, giving extra stiffness and. stability. 


a was not a single grade crossing on the four-track sections, from New 


York to New ‘Haven, and, that in the vicinity « of Boston, and a large number 
_ elsewhere : on the System had been eliminated, ‘notably i in connection. with ver 
extensive improvements at ‘Westerly and Providence, R. I.; Hartfo rd, Conn.; > 
Attleboro, Brockton, Fall River, and Worcester, Mass.; while the traffic 
iz so increased that in 1907 there were. operated roundly, 1256 000 000 pas 


senger miles, and 1 889 000 000° ton-miles of freight were ‘moved. 


‘This, however, but the merest_ outline of the story of railway _improve- 


ments for which Mr. Curtis largely was responsible. ‘With much. of the work 
in thickly settled ‘communities, and all of it pe ‘te, if not 
traffic, engineering ability o the highest quality was demanded, both of 
the Chief and of his assistants. well ‘the test was ‘met Mr. Curtis’ 


; 


professional: skill and the: keen. with: which he picked his lieu- 
_ tenants, is clearly shown in the fact that, in the conduct of this great work 


not a single passenger was killed or seriously. ‘injured; ‘and this record was 


practically duplicated as ; regarded the general public, except as ‘to accidents 
from the personal carelessness and disregard of barriers and. arn- 
bi Nor is it without significance that, except a: in some instances prospective 


3 increased loadings s far above ‘those. for which they were designed have necessi- 
tated the replacement of § some of the earlier structures, there have been neither | 


failures nor indications of weakness i in any of the structural work. 
required | that. every contractor be. held rigorously to his. agreed per rformance, 


: a but it is quite characteristic of the 2 fairness w with which fr, Curtis maintained 


& his: standards that in not a single instance was there an. appeal to higher 
authority, either within the ompany ‘or without, relative to his decisions. 


Carrying to an extreme his ‘dislike for any publ icity, t there is on record 
Le very li little regarding the engineering features of this work thus broadly y out- 


“lined. To the e engineer w England ‘conditions, however, 


bridges, particularly _over the tidal and the larger rivers, the elevated 


work through Bridgeport, -Conn., _ Attleboro, Brockton, and the approach to 
_ Boston, the “euts” at Mount Vernon, N, Y., New Haven, and i in| Boston; the 


stations at Bridgeport, Hartford, and Providence, as well many less, 
portant—all tell unmistakably of the hand oft the master engineer. 


Mr, Curtis, also (Played important part in. the design of the South 


7 
| 


“England Lines, “Walter Shepard, Ohief ‘Engineer of 


and: ‘Albany Rai ailroad. Company, representing the three roads for which the 


station was built, constituted ‘the Consulting Engineering Board for that 


project. | 1895, Mr. rty o 
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England ory the Continent, studying operation, 


- their advantages, and their shortcomings, later employing the knowledge thus — 
‘secured to > the advantage of Boston. joud nif 


, Was a man remendous energy 


more remarkable because he had spared His 


ao the work permitted, without reference to 9 the time, and during the life- 


he happy faculty of making and keeping friends. His consideration of, — 
and advice to, the young engineers who came aces his direction were such 


nent, and ‘there 


many one- associates _who owe "Weld to his ‘early 
e 


‘training. With all his duties and responsibilities he always. found a minut 


n which to greet ¢ even casual acquaintances, and to exchange ° the latest stories, 4 


i his hearty and contagious laugh telling his keen enjoyment of a good ‘tile, 

ae He was very fond of horses, and was a regular patron of the old Morris 
¥ 

e. Race Track, taking unusual pleasure i in ‘attending ‘the races with a crowd of 


He was a member of the Connecticut Society of Civil Engineers, which | 


; ¥ had joined ¢ on J anuary, 9, 1900, ‘and of whith he was ‘made’ an Honorary 


Socially, was” member of ‘the Beacon Society, ‘the Boston Athletic 

4 Association, and the Engineers Club of New ‘York; ye his membership in the 
e Quinnipiack Club of New Haven, which he had ‘long held, he resigned about — 


Fraternally, Mr. Curtis was a prominent: Mason, holding membership in 


Fy riendship Lodge, Harlem, in Jerusalem Chapter, of Tioga ‘County, and in 
Constantine Commandery, Knights Templars, all i in New York il nn 
n October 19, 1872, he was | married J. Bishop, New ] 


who 


survives as does | a 


> ott 
brother, ree children, Wal ace, G eorge 


Henry, and only the latter, the wife of Capt. John D. 


Ww 
‘oodworth, Medical Corps, U. Ss. at ‘Vancouver, Wash. is” now living. 
_ There are, h 


Henry and Dorothy M., children of George; and Fayette Curtis and ‘Mary 


itt, wy a bf 
J ustin, children of Mrs. Woodworth. Mr. ‘Curtis? death, after an illness of 
occurred. on February 16, 1929, at his home in Jamies! Plain, 


of outstanding knowledge and ability, an hae 


a gentleman, his de ath is 


of a kindly and a ‘Keen sense of humor, “Mr. 


owever, five grandchildren : ‘To ohn Fayette, son of Wallace; George + 
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a great loss to his’ to his an who had the privilere 
being associated with him or knowing him sivthind 
Mr. Curtis was elected a | Member of the, American Society of 


vom WILLIAM stuaRr 4 AUCHINCLOSS, M. Am, Soe. E* | 


William Stuart Auchineloss, the’ son ‘of John and ‘Elizabeth: 
‘was born in New York, N. we , on March 19, 1842. His primary education Wis SS 
‘obtained’ at Bacon ‘School ‘and at Lyons ‘School, both i in New Yo tk. 
of his ‘decided ‘mechanical turn of mind he then ‘Rensselaer 


J _—‘Polytechnie Institute, at Troy, N. Y., from which he was gradu nated in 1862, 


at the head of his class, with the degree of ‘Civil Engineer 


neer. 


iat In order to secure the advantage | of being well grounded | in rae work, 


_~ ew York, where large marine engines were built. ~ At the time 


vew e the 
was engaged < on ‘the construction of a steamer for the Pacific Mail Route and 


the’ iron-clad, Roanoke, for the United States Navy. tee 
int 1867, he wv was appointed by the Government as Conimissioner to the Paris 
While’ abroad on this important errand, he visited Great Britain, 
F tance, Germany, Austria, ‘Ttaly, Egypt, and Palestitie. 


He spent several 2 
months at the Exposition and made a com plete report to the ‘Government on 


For several years “Mr. Auchincloss was connected with the Jersey City” 


4 Locomotive Works, the Atlantic: and Great’ Western Railway Company, and 


amapo Car and F ‘oundry ‘Company. After” conducting the sale of the 
ersey City Locomotive W orks, he bought an interest ‘in the Delaware Car 


Works, of Wilmington, Del., and became Vice- President of the e Company. oe “#, 
ee In 1874, Mr. Auchiricloss visited Brazil and built ‘the rolling stock of the 


Paulo and Rio de Janeiro In 1876, subsequent to return 
Wilmington, the Emperor, D n Pedro II, of Brazil visited the’ United 
States and was entertained at the wei of Mr. and Mrs. Auchincloss. — 


‘the Emperor was in this country I ‘he’ ordered a private « car built by ‘the Del 


aware 
‘Car “Works, which ‘was designed nd “built under the ‘supervision of: Mr. 


“Auchineloss, This car was exhibited at the Philadelphia Centennial Exposi 


Auchincloss moved from ‘to Philadelphia, | Pa., in 1879 

& 


a., 
d organized the firm of Bates Auchincloss, Agents of ‘Messrs. J. and 
P: “Coats, ‘Thread Manufacturers, of Paisley, Scotland. on “After Mr. Bates died, 


Mr! Auchincloss’ carried ‘on’ the business in his own namé, establishing 


‘family, and building a home,’ ‘in Bryn: Mawr, ‘Pa., which he | alled “Hill 
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: N. J., where he built another home, “Rest Haven”, on the se of Sandy Hook 
Bay. Here, he lived until his death. on “April 10, 1928. 


Auchincloss’ tastes were decidedly ‘mechanical, but, in| years; he 


de voted much of his time to literary work. He was the author of the pictus 
and booklets : “Report to U. Government, as | Honorary Commis- 


er r to the Paris (1867) ; “Standard. Work on Link and Valve 
“Motions” (1869); “90 Days in 4); “Schieber und Contis- 


in “Holland, 1899) “Bt ‘Peter, “the of ‘Asia? “The 
of Daniel Unlocked” (1905) ; “The Mask of Eddyism’ 1907) ; “Stan nd- 
Chronology of the Holy Bible” ( (1808) “Wonders of God’s_ Universe” 


(1912) ; “Seaside Astronomy” (1920) ; “ “Christianity and the. Britons” (1920) 
“The Greatest M Man. of, the Ages” (1921) ; and the final edition of the ‘Standerd 


“Chronology of the Holy. Bible” (1924), (46 ba 
a Mr, Auchineloss also directed his genius: to the invention of an averaging 
machine in 1882. This machine had a capacity of 110 accounts per 
hour, which equalled the customary» task of six skilled accountants, A paper 
"describing the machine, entitled “Averag ring Machine”,* ¥ was presented by oa 
‘inventor before the Society. Relative to his mechanical work, Mr. Auchincloss 


In 1870, he was: married to Martha Tuthill Kent, the daughter of William 


Campfield Kent, a noted merchan nt of the firm: of, James ‘Kent Santee an nd 


Company, of ‘Philadelphia. ‘They had three children, Tames Stuart, Jane 


yy Hew was most kindly, upright, and honor able in all his dealings—a devoted 


Mr. Auc hincloss was elected a Member of the Society... of Civil 


it 
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Burden was born Scotland on January 12, 1864, the son 


6 
Of n and J Janet (Dunecanson)_ Burden. he was very young, his 


came to the United States, ‘He received his preliminary } in 


the public s schools of ‘Troy, N. Tonk at the Sterling, Scotland, High ‘School ; 


he was s graduated from the Reneeelent, Polytechnic Institute at. Troy, in 1892, 


with the degree of. Civil | Engineer. od j 


After his graduation from college, Mr. Burden made a specialty of con- 


work on dams, and water- ‘works. . He was engaged for a ‘time 


Draftsman for (Boston) Water- Works i in connection with 
fat 
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of. Pa. for which be and installed the sewers, Ww water 
supply, and railroad yards at its new plant. xa! Ps 
e From 1900 to 1904, Mr. Burden served as Principal Assistant Engineer on 


the construction of the Troy. Water- r-Works, in charge of the surveys and con- 
struction, of the pipe lines ‘and dams. From | 1904 to 1908, he > was Assistant 


Wio 
Engineer i in the, main office of the } New. York ‘State ‘Barge Canal, at t Albany, 


_ where he made studies of back- -water above proposed dams across the 


Mohawk River as well as of the design of locks and movable. dams. 191 
Mr. Burden was s appointed Resident Engineer on various sections of the New 


State Barge Canal, ‘at Mechanicsville, Oswego, 2 and Utica, N. Y. which 


a position he retained until 1918. From 1919 to 1921, he was ; employed with ‘the — 


a Emergency Fleet Corporation at Washington, D. C., and Philadelphia, Pa.. 


: connection with dry docks and marine railways. The following year he ‘vas 


Sods, 
appointed City Engineer of Oswego, which position he held until his death. 


i Mr. Burden ras. a member of Grace Presbyterian Church of Oswego, and — 


pag 


e took an active part. in church | work, serving as President of the Board o 


Trustees. He was also a member of the Permanent International. Association 
wis 


Congresses of Navigation; ; the Fortnightly “Club, and the Oswego Country 


Club. was sincere in all ‘his undertakings, giving his best to “everythin 


34 Corey 
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with w which he was connected. 
On December 5 5, 1912, Mr. ‘Burden was married to Edith Sloan, the daughter 
of the ate | J ames and Sloan, of who. purvived chim. Mrs. 


w as elected an, Associate Member of the American Society of 
2, and, a Member on 5, 1904. 


EDWARD BERT 1E ‘CODWISE, 


son off ‘Elisha Rogers and Harriette M 
) Codwise, we was born at Elizabeth, N. et on May 9, 1849. His ‘ancestors 


the family moved Elizabeth. 1 “His grandfather, Christopher 


Codwise, was a field officer in the Continental Army and a “member of the | 


Mr. Codwise received his education at the Baldwin Academy, in New Yor 


which he was graduated. vif Later, he attended the Brooklyn Col. 


Polytechnic. ‘Institute “Was | graduated with ‘the’ Class of 1865. 


he was for years a student at Davaux, 
On to the United States | 1868, Codwiise accepted a posi 

‘Engineer with | the ‘Erie Railroad Company on the” con- 


co of the New York State i oir. In 1897 and 1898, he adda 
q ate improvements on the Minetto Da d 
m an 
on the canal at 
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the New York Railroad, the Fort Lee and 
‘Weehawken N. od. , Cattle Yards. . From 1869 to 1870 he s “served as 
| Engineer with the New Jersey Southern Railroad ‘Company, 


1 1870 to 1872 he was engaged Principal Assistant Engineer for the | 


Wallkill: ‘Valley Railroa from Gardner to 


Codwise_ spent ‘a brief period from March, “4872, to April, 1873, in 


pa South America, where he was Assistant Engineer on the Callao , Lima, # 
and Oroya Railroad. ‘He ‘was engaged a part. of this time’ dn ‘the’ design aid 
‘to be, for many years, the Tongest and highest 
railroad bridge in the world. 
After his return to this country, he held for a short period the position of 
: Principal, Assistant Engineer for the New., J ersey, Southern ‘Railroad Com- 
pany. Int 1874, he opened : a private office 1 in. . osendale, N. ‘Y., and also served 


as Engineer for the Rosendale Cement ‘Company. In 1876 he gave up this 3 


_ occu ation to accept the position. of Assistant Engineer i in n charge of inventory 
From 1879 “until his retirement in 1923, Mr. Codwise held the following 


positions: : Assistant Engineer in ‘charge of the construction ¢ of the New York 


City Elevated Railroad on Ninth Avenue between 30th and 59th” Streets ; 


Albany. and Je ersey City Railroad (now the West 


Shore Railroad) Company on location surveys; Assistant Engineer, in. charge 


the construction of extensions of the Wallkill Valley. Rai road; Resident 


‘ Hesteew of the West Shore Company in charge of construction from New- 


; burgh to Kingston, N. Y.; Chief E Engineer « of the ‘Ulster and Delaware Rail- 


2 nod. Company; and City Engineer of Kingston, where he was also engaged © 


in private. practice. ‘During this time, Mr, Codwise designed _the present 
water supply system of Kingston. His choice for the location of reservoir 


‘was between 1 two sites, one | of which contemplated. that a di dam be placed ‘across 


‘Esopus Creek only a few hundred feet _ down stream ‘from ‘the site of the 
present Ashokan Dam of the New York Water Supply. The reservoir, how- 
: cos as constructed at the other location on Sawkill Creek, which was much , 


nearer "Kingston and more economical, alts: 


_ Because © of a complete collection of original maps of Central and ia 
New York, which date back to the land grants from European rulers, Mr, 


‘Codwise was ¢ called upon to compile ‘the location of the lands and boundaries 


_ He was m married on March 28, 1872, to Emma Snyder, of Rosendale, who — 


died i in 1924, _ After 1 his wife 8 death, he resided with his daughter, Mrs. R. ae 


of Morgantown, W. Va. ., who, with his two sons, , Henry R. Codwise, = 4 
Soe. C. E., and George Wallace Codwise, also a a Civil Engineer, of 


sped Mr. Codwise was exceedingly fond of his family, preferring his home ‘a 
clubs and social life. He was of happy, likeable disposition, admired by all 
his employees and honored by. his ‘business associates, His ‘reputation for: 


integrity was well - the confidence that was 
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OF FRANK HILL MO 


his. he “appeared as an expert witness i in Court 


ers 


PRANK MQUFFIE, Assoc. M. Am, Soc. E.* 4 


Hill the son of Matthew and Martha | (Morgan) McGufiie, \ 
born at Waverly, N. on August, 27, 1887. His early life. ‘was spent in 


* his native village. ‘He attended St. J ohn’ s College, , Manlius, N.Y Ya from. 1903 


to 1906, and for several months in 1913 was a student at Cornell University, — ; “i 


During the summer months, while he was at college, Mr. McGuffie worke 

as Chainman and Rodman for the Lehigh ‘Valley Railroad Company, and — 
continued that employ, as Rodman. and. Levelman from 1906 until 1908, 


4 Ine J uly, 1908, he accepted | a position | as Engineer i in, charge of constrection ey 


mn the ‘estate. of Mr. B. Winters, at. ‘Smithboro, His work there 
; "which continued until October, 1910, « ‘consisted of the and construction 
of ‘Toads, small and a water er supply He then several 


+ 


She May, 1911, Mr. McGuffie entered State 
Department of Highways and for more than ‘ six years was engaged as a Level- , 
man in charge of contracts and survey parties: on location. F rom 1918 ‘to 
oo. uly, 1924, inclusive, he served as Assistant Engineer with the same Depart- 
in responsible ‘charge of the design ‘of pavements ‘and bridges. 
duties included supervision | ‘of village and county paving, highway -construe- 


work, and the maintenance of 150° miles of. highways. _ Coincident with 
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: _ From August, 1924, until his death, he was employed by the National 
i 2 Surety Company of New York : as Field Engineer, with headquarters at Denver, 
P 4 Colo. He was sent West by the Surety Company to supervise the completion 


of large paving for the ‘Colorado State Highway Department on whic 


of cost: estimates, preparation of plans: and specifications, acting in an advisory Ns 
capacity to contractors, and the ‘compiling of contract data for underwriters; 


and favorably known by both contractors: ‘and | engineers. bal 
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ns engagement, Mr. McGuihe was County Engineer of Sullivan County, New 
a | - York, for three years. He also did a certain amount of private work, including am ._ 

—. 
i 

J Ned Fis Work Tor This Company 1neingad tha mak 
| 

| 

Memoir prepared by William B. Freeman, M. Am. Soc. C. 


tos some extent, he in good health was active in his’ 4 


up to a day or ire: before-his death, which came as a distinct shotk. to 


of his genial and personality he Was popular 


endless in to h h much ability 


ty 
in 


his” siciitioes.” had not death terminated his career at a relatively early age. 


- death, Mr. McGuffie became actively interested in the affairs oF the Colorado — 
‘Section ‘and had demonstrated that he was a’ valuable addition to the inember- 


Immediately on his ‘election to the Society, less than a ye ar before his 


hip. ‘He’ was also a regular attendant at ‘the meetings of the Cornell Club 


hy 
Colorado. He was a member ‘of the Masonic ‘Fraternity, a second 
we. Degree Mason, and a Shriner. 8 “oli fi oth, 


On May y 24, ‘1928, he was married ‘to Reba at Colo 


addition ‘to his widow, he is survived | by a sister, Mrs. Lois C. Davenport, 0 
Sa 


yre, and a brother, Dr. Robert N. McGuftie, of Passaic, N. J. 


McGuffie elected an Associate Member of the ‘Society of 


Is HERBERT ‘WRIGHT, M. Am. Soc, E. 


Diep May 29, 1928. dail. te 


En rancis Herbert Wright: was born in Memphis, Tenn,, on December. 8, 


English officer of high who: married a af, a “Sas Gri, 

Manuel and established his residence 0 on a Spanish 


‘Mary E Ellen Farrell w was s the grand daughter of Capt. John Sappinaton, an a ; 


Mayor of St. Louis, Mo. alk ohn Sappington, the third of his line and name in 
America, | served seven years in the American Army during the Revolutionary 
‘War. He was : a member of the personal bodyguard of General | Washington, 


7 
at Valley. Forge, and. when the war! ‘ended was a Captain on “the Staff of 


General Lafayette. With Daniel Boone and a company of pioneers he was one 
the founders of Boonesboro, Ky., a1 and served a term the Kentucky 
de Legislature before going to St. Louis where he died in 1807, a man of property. 

Mr. Wright -was educated in private schools, where he. was distinguished 
because of his proficiency in, and liking for, mathematics. He began his 


career at a very early, age. on n levee surveys and. construction along 
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McGuttie died at Denver on October 17, 1928, and was buried at Sayre, of 
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Memoir prepared by Ernest McCullough, M. Am. Soc. C. 
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of State Engine 
neer Office in the it city. hen followed work for ious 


Mr. ‘Wright was Fair, Chicago, in 1893, 
from 1896 to 1899 was an Inspector, of. Engineers, S. Army, aude 
Capt. (now Maj. -Gen., Retired), Mason M. Patrick. While ‘on furlough, in 


oD 


; 1898, he was employed for a time as an Assistant En gineer i in the office of the 


rit 


City Engineer of “Memphis, Term 1. In 1899, he became an Inspector of dredg- : 

: Royal, S. C., f or the ‘Bureau of Yard s and Docks, United States 
avy, and engaged on levee construction at ‘Bird Point, , Mo., for the 
Corps « of Engineers, U. S. Army. is This work ended i in 1900. A During 1901, he 


tO 
employed ‘as: a Concrete and Masonry nspector “for the Illinois. Central 


Railway Company, entering private practice when ‘that work was completed. 


t Engineer i in n charge of § sewer construction in Helena, Ark. a 

short period as Draftsman on location for the | ‘St. Louis-San Francisco Rail- 


road Company, he became, in 1903, ‘City Engineer ‘Helena, Ark., where he 

remained until late in 1907. 

i 1908, Mr. Wright went to hicago, Ai, bap 1s ne served as Sales Engi- 


PEAT 


4 neer for about a a year for the. Northw estern Company. 
1909 he was employed as Chief Designing Engineer for Mr. Carl Weber, who ; 


was engaged in ‘the construction of reinforced concrete chimneys. He lef 
Mr. Weber in 1910 t bécome Chief Engineer. for and, ater, partner: in, 


~~ 


>. 
u 


‘aes rank of Captain in the I Engineer © Officers Reserve Corps, by the Army and — 


Navy: officers under whom he had served as a ‘a young:! man. The physical 


construction of wharves piend as an Assistant Engineer for Ford, 
‘Bacon and Davis, later doing - considerable appraisal work for the same Com- 4 
principally for the valuation of alien. property. After the “Armistice 


signed, he served as a Construction ‘Engineer | for Dwight P. Robinson and 


Company, Incorporated, leaving that ‘Company to become Engineer 


Ay 


4 and Eastern Representative in the New York District for the Hay-Walker — 


«Brick Company. He in this Position for several ‘years until ‘the 
firm went into the hands of a receiver. During the ‘period he was associated — 


with the Hay- “Walker: Brick types of. wall \tile, 


iw 
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De served a5 Assistant City of Little hock, ATK ang 
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eonerete and tile slabs. Wright patente an L-s aped closer for the open 

j of tiles used in the Nolan-Wright System and the Company was very 

i a successful until the beginning of the World War in 1914, which caused a = 

slowing down of the building industry. With the entry of the 
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the Longacre Engineering and. Construction Company, Incorporated, for 


ROBERT BRUEITE 


ard 2 


bine Mr. Wright was a man of very friendly. disposition, one. intensely . inter- 
sted in everything tended toward the condi- 


friends pen In 1924, she purchased an. apartment in a. operative 
-apartmen: house in Sunnyside Gardens, L Long Island City, N NvY,, » Where, he 
a served fora. time as an officer of the Oo- -operative Corporation, as well as being 


active for several, terms as an officer of local property owners, 


| Nothing was, too difficult, or disagreeable for him, to undertake for the genera 
of the communit , and his death was sincerely Tegretted by a 
in polities, he was a Democrat and a member of the Anaroc Democratic 4 


Club. He had a deeply religious nature and was a faithful and devout member — 


1900, he was married to Mary ‘Alice ‘Smith, in had tw 


¢ children, Mary Frances, one of the prize winners in the International Turn 


verein Convention swimming contests in Berlin, Germany, in the summer of 


1998, ‘and James Mayo, who is in business in New York, N. he: rs. ‘Wright — 


died shortly a: after the war ; and, in 1923, Mr. Wright was married to Sarah 


Mr. Wright ele abd n Associate Member of the ‘American Society of 


ROBERT BRUETTE POWELL, Jun. Am. Soc. 


14 boe 
it: rot ) by ‘Diep Marcu 11, olf bas otan: on 


‘Bachelor of Science in Civil Engineering in 1923. low 


be During the summers of Mr. Powell’s college work he endeavored to gain 
rt much practical experience i in his profession as possible. From J une to z 


‘September, 1920, he was employed as Instrumentman with the Wisconsin 
Valley Electric: Company, and in the summers: of 1 1921 and 1922 he served | 


as Inspector and Surveyor ¢ on waterway dredging with the Wisconsin Valley ; 


Improvement’ Company. following year, from March to May, he was 


engaged in basin and dam site surveys on the Chippewa River for L. oA. ‘ 
DeGuerre, Consulting 1 Engineer, Wi isconsin Rapids, ‘Wis. At the termination 


"struction ‘Company, of the: Power Company, and from May, 1923) 
a F ebruary, 1924, he served as Chief of Party on the location of transmission 


Apr il, 1924, Mr. Powell established 
_ and Share Company, of New York, N. Y., as eo oe ace in the Hydraulic Divi- 


Memoir by A. Wellwood, Res. Ener., 
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4q Saluda River Hydro-Elec. Develop- 


> 


MOIR OF | CARL ‘SPEER, 


sion. ‘While in this employ the ne received ‘excelldit 
various ‘kinds of work) such studies, license 


After three years Electric Bond and Share Company he 


When the actual construction ‘began, Powell. was to 


position of Supervising Structural Engineer ‘and his 1 main assignment was the 


of the erection of the ‘penstocks and intakes. 


of the high in which he v was held “those who On 


Site 


4 wrote, “I never’ “worked with one more sincere, more exacting, ‘and more’ faith: | 
ful ‘to trust”; to those who knew. Mr. ‘Powell best ‘thebe, were 

bs 


pay 
(©. Williams, Vice-President of the Lexington Water Power Company, 


the owners of ‘the Saluda River Hydro-El Electric Development, stated: 


“He had such a pleasing personality anid ‘80 well liked by one. 
was especially impressed with his cheerful willingness to work just as many : 
hours as and when there was a peak load, was to 


and Flood, and Mr. Powell’s immediate s 
a | feel that I have lost a friend as well as a valued co- sails, tle: ada 


spi bright engineering mind and I considered him an A -1 Engineer. He 
was due to go a long way in his chosen field. He had been entrusted with very # 
important features of the construction of the Saluda Dam and had done effi- 


William S. Murray, of and F “lood, Engineers, 


“Powell had a compelling “personality and have: a_very difficult time 
reconciling the passing out of a man who seemed schoo : 


SPEER, Jr., Jun. Am. Soe. OE 


J ANUARY 18, 1929. 
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| ae After his death, letters were received from men with w om “Bob” Powell we oe 
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nd Carl Speer, Jr., the son of Carl and Anna Speer, was born in Baltimore, ie _ 
vi- ff Md., on December 21, 1901. His preliminary education was received in the =» 


Hopkins University, obtaining ‘the degrees of Bachelor of Science 


1923 and Master « of Science! in Sanitary E Engineering i in 1926. te 


1921 to 1922, Mr. Speer ‘was employed as Inspector on 
with the Maryland State ‘Roads Commission. — During 1923 ‘and 1924, he 
a erved as J unior Engineer ‘with: the Ne ew York ‘Transit Commission on traffic 


subw and elevated lines. F Yom une,’ 1925, to February, 


of Health. in July, 1926, and: until” his death, he was 


“carrying out, as as Junior Sanitary Engineer in the Division of Water Safety 


Control of the City of ‘Chicago, TIL, experimental studies in the treatment of 


the public water supply. edt bie alootenog edt to to 
The writer, as teacher, employer, and friend of Mr. Speer, realizes too well 


“individual of more than ‘usual charm. intelligence. Scientific 


enthusiasm, those rare characteristies of productive 1 men, possessed 


important engineering contributions , his friends anil his. associates have little 


peason to. doubt. These attributes, coupled with a keen and: delightful per- 
sonality, make his death” at the beginning of his career most tragic. The | 
world has lost a promising aide. In all his work, energy and ability were 


ominant. Ever on the alert for new concepts, he carried o on his work » with — 


_ On June 26, 1926, he was married to Charlotte A. Stout, of Baltimore. He 


Mr. ‘Speer was diated a Junior of t the waa Society of Civil Engineers — 


freabnese: and pleasure. His ideal was to create | a value to his. fellow 
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